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P R O C E E D I N G S  

HALPERT: Welcome to Goddard Space Flight Center 
and the 1972 NASAlGoddard Battery Workshop. A full two-day 
program is planned for you including a session on separators, 
one on materials and processes, a third on storage and battery 
operation experience and finally a session on the improved energy 
density systems, namely, the nickel/hydrogen and silver/hydrogen 
systems. Plans call for each session to be a half day, how- 
ever, it will not be restricted to that time. As in the past 
we welcome active audience participation. Although papers 
are prepared, your comments are solicited on any of tiie 
subjects. 

I would cffer a special welcome to our many vistors 
from Canada and France. We are happy to have you with us 
again. 

This year we have some surprises, namely, two 
questionnaires on storage and use of the GSFC Moedel Speci- 
fication (S-761-P-6). We request your participation in both 
of these survnys in order to best aid the manufacturer and 
user. The results will appear In the proceedings. 

Tom Hennigan will chair the first session on 
separators in which some of the manufacturers will discuss 
their ideas. I will be chairman of the second session on 
materials and processes. Floyd Ford will be chairman of 
the Wednesday morning session on storage and application 
and Jim Dunlop, of Comsat, wi-1 be the improved energy density 
session chairman. If you plan to give a paper in any of the 
four sessions, please contact your chairman. I will he happy 
to answer any other questions. We hope the meeting will 
prove interesting and informatlve. 

At this time we will start the 1972 workshop. A 
special guest is with us today to present the management 
viewpoint of the present and future for the space power 
industry, GSFC and NASA. 

I would like to present Mr. Robert F. Baumann, 
Acting Assistant Director for Project Support - Space Appli- 
cations and Technology Directorate, is representing our 
organization, the management of our organization, and has 
some words to say to us with regard to batteries and their 
use in space flight and what the fdture holds. 

I would like to present at this time, Mr. Robert 
F. Bawnann. 



BAUMANN: Thank you, J e r r y .  

I would l i k e  t o  welcome you t o  t h e  Goddard Space 
F l i g h t  Center .  I would l i k e  t o  welcome you t o  t h e  Goddard 
Space F l i g h t  C e n t e r ' s  1 9 7 2  B a t t e r y  Korkshop. 

Yesterday morning, a t  abou t  9:30, my c o u n t e r  
A s s i s t a n t  D i r e c t o r a t  Space A p p l i c a t i o n s  and Technology s a i d ,  
"I have t h e  d e l i g h t f u l  d u t y  of opening t h e  B a t t e r y  Workshop 
tomorrow, b u t  I am n o t  going t o  be t h e r e ,  s o  how abou t  you 
opening it f o r  me?" 

W e l l ,  my exper ience  w i t h  b a t t e r i e s ,  up u n t i l  
t h a t  p o i n t  i n  t i m e  was I go t o  t h e  s t o r e  and g e t  them and 
p u t  them i n  my f l a s h l i g h t s  and i n  my p o r t a b l e  r a d i o s ,  
and my dep th  sounder ,  and s o  f o r t h ,  and I have j u s t  t aken  t h e  
b a t t e r y  a s  a  t o o l ,  I have t a k e n  it f o r  g r a n t e d .  I have 
f e l t ,  you know, t h e  b a t t e r y  is  t h e r e  and you u s e  it and t h a t ' s  
abou t  it. 

So I s t a r t e d  t a l k i n g  t o  J e r r y  t o  f i n d  o u t  r e a l l y  
what was going on i n  t h e  n i c k e l  cadmium f i e l d ,  and b h a t  t h i s  
meeting was a l l  about .  So, i f  I make any t e c h n i c a l  e r r o r s  
or any b r a s h  s t a t e m e n t s  t h i s  morning, I hope you w i l l  f o r -  
g i v e  m e .  

Now, a s  most o f  you a r e  aware, t h i s  workshop has  
been h e l d  each yea r  f o r  t h e  p a s t  few y e a r s  f o r  t h e  purpose 
of improving and a c c e l e r a t i n g  t h e  comrr~unicztion between 
government, i n d u s t r y ,  and t h e  u s e r  communities. 

It is  my unders tanding t h a t  t h e s ~  meetings have 
become t h e  annual  f o c a l  p o i n t  f o r  t h e  exchange of c u r r e n t  
n i c k e l  cadmium b a t t e r y  technology.  



This meeting also affords an opportunity for 
each of you to look into the future in this field. In 
the past you have been responsible for taking an infant 
technology and developing it into a sophisticated space 
flight use, as well as expanding the general commercial 
applications. 

The maintenance-free characteristics of the nickel 
cadfn2.urn battery make them especially suitable'for use in space 
fligl~t as a reliable power source and for use in numerous 
day-to-day items, such as electric shavers, pocket 
calculators, portable radios and TVs, hedge clippers, 
photoflash'units, electric toothbrushes, and walkie-talkies. 

For the immediate future in this field, NASA 
is interested in several new deveiopments in the nickel 
cadmium battery technology. 

We are interested in developing a long-life, 
say, five-to-ten year battery system that can be operated 
reliably in space, with a depth of discharge between 40 
to 60 percent. 

You have made it possible in the past few years 
to not only increase the in-orbit life of the nickel 
caduiiun cells, but to significantly increase the depth 
of discharge over a few years ago. 

NASA is counting on you as a team for the next 
order of improvement in this area. 

Now, in concert with the development of the 
long-life battery system, NASA, the Air Force, and the 
Navy, are interested in developing battery test technology 
which will enable accelerated life testing. 

We wou,ld like to be able to reliably predict 
our battery system's operation for ten years in advance, 
based upon an accelerated life test of only four to 
forty days. 

. . . . . 8 '  . . 
This is, indeed, a great challenge. 

Several years ago, we produced an interim 
model specification for high reliability nickel cadmium 
cells. This specification admittedly used a shotgun 
approach, which may have required inefficient testing 
and quality control provisions not currently needed to 
produce highly reliable cells. 



We are currently evaluating this document and 
running tests to establish the relative importance of the 
different specified requirements, with a view of producing 
perhaps a more reasmable specification, which should 
result in lower cost product, easier to manufacture and 
test. 

This effort, again, uses the combined talents 
of the government, university, and industry tesm. 

Another area of interest for the future is to 
extend the cell capacity from the present state of the art 
of approximately 100 ampere hours to 200 ampere hours. 

This larger capacity cell could possibly be used 
in the space station application and represents a 
technological challenge for the future. 

I was requested to briefly talk to the project 
viewpoint versus the technological viewpoint of battery 
development. 

The project is interested in an integrated 
power system, one of the elements of which is an energy 
storage device, usually a battery. 

They want the system to be inzinitely reliable, 
weigh nothing, take no space, provide an infinite number 
of voltages, provide infinite regulation, survive bitter 
cold and extreme heat, be produced on a tight schedule, and 
cost nothing. 

The technologist, on the other hand, Zoaks at 
these requirements as an opportunity to conduct extended 
research in power conversion and control, materials, 
chemistry, electrochemistry, manufacturing techniques, 
and life testing. 

As you know, this is a bit of an exaggeration, 
but it serves to illustrate where the two parties start 
the negotiations from which a reliable poweE system is 
generated, and you are the people that see to it that a 
critical element of this system is provided, reliable 
nickel cadmium cells. 

For that, we thank you.. 

I wish ycu a productive and highly successful 
meeting, and thank you for yotlr kind attention. 



(Applause. ) 

HALPERT: I thank Mr.Baumann for his very intert- 
ing and stimulating talk, and he does show us, as he says, 
where negotiations start and that we have some work to do. 

We will now start our first session. Our chairman 
is Tom Hennigan. The subject is separator materials. Tom 
Hennigan has been involved with nickel cadmium battery develop- 
ment for many .mars. He has in recent years coordinated the 
separator studies and new developments. As a member of the 
space power technology team, it gives me great pleasure to 
introduce Tom Hennigan. 

HBNNIGAN: Thank you. 

I would also like to welcome to our meeting this 
morning -- and I would like to move along fairly quick here -- 
I have the list of speakers that we are going to try to go 
through this morning, and I would like to just read them off, 
so the people that are going t.o speak, or said they would 
speak, know what order they are in. We don't print programs 
for these things. 

Of course, I will be the first to talk; then, 
Aaron Fisher of Goddard; and Harvey Seiger of Heliotek; 
then Earl Carr, E.P.; Rampel, General Electric; Willard 
Scott of TRW; Stephenson of Motorola; and Jim Dunlop of COMSAT. 

I don't know if we will cover all these this 
morning, but we will give it a go. 

Fcr the next 15 minutes or so, I would like to 
cover the data and information resulting from the continu- 
ation of the NICAD separator tests that have been reported- 
on for the last two workshops. 

As discussed previously, nonwoven nylons araa 
polypropylenes were selected on a Goddard contract, and 
these were selected at the ESB Technology Laboratories. 

These materials were given to Eagle-Picher for 
fabrication of sealed 6 ampere per hour NICAD cells, and 
these cells have been cycled for a year, or approximately 
6000 cycles at the Naval Ammunition Depot in Crane, and 
they have completed the 6000 a couple of months ago. 



A t  t h e  same t i m e ,  we a r e  g i v i n g  t h e s e  m a t e r i a l s ,  
both  t h e  v i r g i n  m a t e r i a l s  and t! - cyc led  m a t e r i a l s  t o  t h e  
Bureau of S tandards  t o  c' a r a c t e r i z e  t h e  m a t e r i a l s ,  new and 
a s  used,  s o  w e  can see i. we can determine what degrada t ion  
mechanisms and changes i n  c h a r a c t e r i s t i c s  t a k e  p l a c e  dur ing  
t h e  c y c l e  pxogram. 

Most of t h e  c y l c l i n g  was done a t  20 ticgrces 
c e n t i g r a d e  and a t  25 p e r c e n t  depth of d i s c h a r g e  i n  a 90- 
minute o r b i t .  

Except f o r  t h e  i n i t i a l  few hundred c y c l e s ,  
t h e  recharge  was l i m i t e d  t o  103 t o  118 p e r c e n t .  

( S l i d e  1.) 

I n  t h e  f i r s t  viewgraph, he re  a r e  s i x  of t h e  
m a t e r i a l s  t h a t  w e  have been t e s t i n g  f o r  t h e  6000 c y c l e s .  

Now, i n  a d d i t i o n  t o  t h e s e  m a t e r i a i s ,  i f  you 
remember, we r e p o r t e d  l a s t  y e a r  t h e r e  were t h r e e  o t h e r  
m a t e r i a l s  t h a t  w e  had s e l e c t e d  a s  t h e  type  of  m a t e r i a l s  
t h a t  were l i k e l y  t o  f a i l  i n  t h e  c e l l ,  and a l l  t h o s e  
r( iater ia1s f a i l e d  b e f o r e  1000 c y c l e s .  

Now, on t h i s  slide,:.here w e  have t h e  pack number, 
which i d e n t i f i e s  t h e  pack a t  Crane ' s ,  and t h e  m a t e r i a l  t 

t y p e s  a r e  l i s t e d .  

Pel1011 2505 i s  t h e  more or less s t a n d a r d  nylon 
t h a t  i s  used i n  cells. I t  was r e f e r r e d  t o  a s  2505- ML 
before .  

On t h e  P e l l o n ,  2505-K4 is ca lendared  m a t e r i a l  
which was a s  r ece ived .  "AR1' means " a s  r ece ived .  " 

"W" means it was t x e a t e d .  

The t h i r d  one is P e l l o n  2505-K4, which was washed 
i n  d i l u t e  hydroch lo r i c  a c i d .  

I n  t h e  polypropylenes ,  w e  have t h e  GAF WEX-1242, 
which was washed i n  methanol. The GAF, same m a t e r i a l ,  
which is cyc led  a s  r ece ived .  

.a t i e rcu les  material, which was a m i c r o f i b e r  
t y p e  o f  ma to ! ia l ,  which was used a s  r ece ived ,  and a 



P e l l o n  polypropylene ,  which i s  FT-2140. 
L . . 

Now, du r ing  t h e  t e s t  program, and approximately 
every  1500 c y c l e s ,  one of t h e  c e l i s  was t aken  o u t .  We 
s t a r t e d  w i t 1 1  6 cel ls  i n  most c a s e s ,  and t h e  cel ls  were 
taken  e p a r t  and analyzed f o r  t h e  fo l lowing:  

The amount of e l e c t r e > l y t e  t h a t  they  would ho ld ,  
and t h e  amount of hydroxide and ca rbona te  i n  t h e  m a t e r i a l .  

Four s e p a r a t o r s  were removed from each ce l l ,  
two from t h e  c e n t e r  of t h e  pack and two from near  t h e  
o u t s i d e  of t h e  pack. 

The n e x t  two s l i d e s  have t h e  r e s u l t s  of t h e  
a n a l y s i s  of t h e  amomt of e l e c t r o l y t e  r e t e n t i o n .  

( S l i d e  2.) 

Now, h e r e  w e  have r e t e n t i o n .  Retent ion  on 
t h e  l e f t .  t-here i n  grams p e r  c e n t i m e t e r  cubed, and t h e  
c y c l e  l i f e  on t h e  bottom. 

Now, w e  on ly  r a n  th.ese 6000 c y c l e s ,  ' you 
remember. 

So t h e  t o p  l i n e  1s t h e  2505 s t a r  , nylon and 
t h e  bottom l i n e  i s  t h e  2505 -- t h a t  should ad K4W -- 
I d i d n ' t  p u t  t h e  2505-K4 as r e c e i v e d  up t h e r e .  

The p o i n t s  a r e  a l i t t l e  s c a t t e r e d  on t h a t  
one, b u t  they  seem t o  f a l l  r i g h t  -- t h r e e  of  them f e l l  
very close to  t h e  bottom l i n e .  

And a s  you can see, w e  are l o s i n g  some of t h e  
e l e c t r o l y t e ,  a s  w e  c y c l e  t h e  cells,  and I d i d  e x t r a p o l a t e  
t h o s e  l i n e s  o u t ,  and j u s t  k ind  of an opin ion ,  it looks  
l i k e  you can s o r t  of  p r e d i c t  when t h e s e  cells may f a i l .  

I d i d  go through a l o t  of  d a t a  from t h e  l a s t  
10 y e a r s  of  cells t h a t  were cyc led  under t h i s  type  of 
regime, and they  normally f a i l  between 10,000 and 
15,000 c y c l e s ,  i n  o t h e r  words, one t o  two y e a r s .  

Now, t h e  c a p a c i t i e s  on t h e s e  cells, a f t e r  t h e  
6000 c y c l e s ,  were -- t h e r e  were on ly  t w o  cells l e f t  i n  
each group 6, 6.2,  and 6;1, and 6.6 ah .  



Can I have t h e  n e x t  s l i d e ,  J e r r y ?  

( S l i d e  3 . )  

These a r e  t h e  polypropylene m a t e r i a l s ,  and 
a g a i n  w e  have t h e  same X and Y a x i s ,  and t h e  t o p  l i n e ,  
wi th  t h e  t r i a n g l e s ,  i s  t h e  Hercules  m a t e r i a l ,  which has  a 
s i m i l a r  curve  a s  t h e  nylon. 

A l l  t h e  rest of t h e  polypropylenes  f e l l  between 
t h e s e  two d o t t e d  l i n e s ,  which you see i n  t h e  l e f t - h a n d  
corl ler  . 

Now, I d o n ' t  know if w e  p l a n  --. i f  they  a r e  
e x t r a p o l a t i n g  t h a t  one o u t  l i k e  w e  d i d  t h e  o t h e r  one. 

There is some op in ion  which I w i l l  e x p r e s s  
l a t e r  by t h e  Hercules  people ,  w h a t ' s  going on i n  t h i s  
matexi a l .  

Now, t h e  c a p a c i t i r  o f  t h e  Hercules  m a t e r i a l  
was a s  shown h e r e ,  they  were a l l  g r e a t e r ; t h a r  6.  The 
wash m a t e r i a l  of GAF was somewhat s c a t t e r e d ,  and some 
were low. 

The a s  r e c e i v e d  m a t e r i a l  GAF was a t  l e a s t  a l l  
s t a y i n g  t o g e t h e r ,  and t h e  Pelbn m a t e r i a l ,  polypropylene ,  
was somewhqt s c a t t e r e d  and lower than  s i x .  

By t h e  way, t h e s e  c a p a c i t i e s  a r e  , t o  -- i n  b o t h  
s l i d e s  -- are to  l.15 v o l t s .  

:f I gave you t h e  d a t a ,  on most of t h e s e  c e l l s ,  
t o  h a l f  a v o l t ,  w e  would p r e t t . y  much g e t  over  6 ampere 
hours  on most cells,  e x c e p t  f o r  some of  t h e s e  very  low 
ones  here. 

Now, I wont t h a t  photograph. 

Unfnr tuna te ly ,  l a s t  n i g h t  I found one of  my 
slides was missing.  I t  was too late t o  do any th ing  about  
it t h i s  morning. 

N o w ,  du r ing  t n e  course  of  t h e  tests, w e  took t h e  
m a t e r i a l s  o u t ,  of  course ,  t h e s e  p a t c h e s ,  w e  w i l l  c a l l  them, 
t h a t  w e   too^ o u t  from t h e  c e n t e r  and t h e  s i d e  -- t h e  o u t e r  
extremes of t h e  ce l l  -- and we looked a t  them and 
photographed them. T h a t ' s  about  a l l  we have done so f a r .  



Even with t h a t  sir- l e  l i t t l e  t h ing ,  we s e e  
some very i n t e r e s t i n g  r e s u l - a  coming o u t  of t hese  
mater ia l s .  

(S l ide  4 . )  

I d o n ' t  know i f  you a r e  a l l  going t o  be 
ab l e  t o  s ee  these  t o o  w e l l ,  bu t  a f t e r  -- sometime today 
I w i l l  s e t  up t h e  photograph someplace around t h e  room 
here ,  and you can look a t  them a l i t t l e  c l o s e r ,  i f  you 
would l i k e  to .  

Now, t h i s  is t h e  s epa ra to r  material from -- 
a f t e r  4500 cyc les ,  f o r  nylon, t he  negat ive  s i d e ,  i n  
o t h e r  words, t he  s i d e  fac ing  t h e  negat ive  e l ec t rode .  
And t h e  ma te r i a l  numbers a r e  c a l l e d  ou t  here,  t h e  2505s, 
wi th  t h e i r  var ious  t rea tments  o r  calendar ing,  and s o  
f o r t h .  

You w i l l  n o t i c e  t h a t  t h e  two i n  t he  c e n t e r  a r e  
irom the  cen te r  p l a t e s ,  and t h e  extreme opes a r e  from t h e  
ou t s ide  p l a t e s .  

During t h e  d i scuss ion ,  I w i l l  ca l l  t h i s  m a t e r i a l  
cadmium. W e  a r e  no t  sure  j u s t  w h a t  i t  is.  We haven ' t  
had a chance t o  do any a n a l y s i s  on it y e t ,  whether it is  
cadmium o r  a compound of  cadmium or i f  t h e r e  is some 
n i cke l  compounds i n  t h e r e  a l so .  

Is Floyd back the re?  H e  has g o t  some s l i d e s .  

VOICE: I have g o t  one of them here.  

HENNIGAN: Okay. 

(S l ide  5 . )  

HENNIGAN: Can you pu t  t h e  l i g h t s  o u t  back the re?  

This is  t h e  nylon ma te r i a l  on t h e  p o s i t i v e  
s i d e ,  i n  o the r  words, t h e  s i d e  fac ing  t h e  pos i t i ve .  

Now, t h e s e  a r e  t h e  samepieces t h a t  you saw i n  t h e  
l a s t  s l i d e ,  j u s t  turned over. Now, a c t u a l l y ,  i n  t h e s e  
s l i d e s ,  and even i n  t h e  photographs, t h e  -- t h a t  s i d e  looks 
much darker  than it r e a l l y  is. 

Could I have t he  nex t  s l i d e ,  p lease .  

(S l ide  6 . )  





HENNIGAN: Now, t h i s  i s ' t h e  polypropylene 
m a t e r i a l s ,  wi th  t h e  n e g a t i v e  s i d e  showing, and aga in  
w e  have t h e  c e n t e r  p a r t s  i n  t h e  middle and t h e  o u t s i d e  
p a r t s  on t h e  o u t s i d e ,  and a s  you see t h e r e ,  they  a r e  
l i s ted  down t h e r e  on t h e  l e f t -hand  s i d e ,  what m a t e r i a l s  
they  a r e .  

And you w i l l  n o t i c e  most of t h e  m a t e r i a l s  a r e  
q u i t e  da rk ,  and t h e  Hercules m a t e r i a l  i s  k i n d  of n o t  
t o o  uniform i n  t h e  shade of darkness.  

Now, i f  you would k ind of keep your a t t e n t i o n  
on t h e s e  t w o  r i g h t  h e r e , I  would l i k e  t o  b r i n g  up something 
t o  you i n  t h e  n e x t  s l i d e  t h a t  seems r a t h e r  s i g n i f i c a n t .  

T h i s  i s  t h e  p o s i t i v e  s i d e ,  now, t h e  same 
m a t e r i a l s , . t h a t - . y o u  looked a t  i n  t h e  l a s t  s l i d e ,  t u r n e d  
over ,  and you w i l l  see h e r e  t h a t  t h e  t o p  one,  t h e  cadmium 
has  gone r i g h t  through and t h e  Hercu les , . . t he re  it is  a 
k ind  of a g r a y i s h  c o l o r ,  b u t  it h a s n ' t  gone through.  

Now, i n  t h i s  one h e r e ,  which I p o i n t e d  o u t  
l a s t  t i m e ,  it h a s n ' t  gorie; through t h e s e  t w o ,  b u t  it 
d i d  go through t h e  extremes. 

Now, one of  t h e  t h i n g s  t h a t  showed up t h e r e  
is t h e  ones i n  t h e  middle,  Samples 10 nd 11, were very  
d ry ,  they  had about  one t e n t h  t h e  amounc of e l e c t r o l y t e  
t h a t  t h e s e  had ( i n d i c a t i n g ) .  So, i f  t h e r e  is  no 
e l e c t r o l y t e  i n  t h e  s e p a r a t o r ,  o r  e s s e n t i a l l y  none, t h e  
cadmium c a n ' t  migra te  and it seems from t h i s  in fo rmat ion  
t h a t  i f  t h e r e  i s  a l o t  of e l e c t r o l y t e , . i t - - o n l y  goes  through 
partway, b u t  i f  it i s  down i n  t h a t  lower end of t h e  
r e t e n t i o n  curve ,  say  aroand a t e n t h  t o  t w o  t e n t h s  gram 
p e r  cen t ime te r  cube, t h e  cadmium w i l l  migra te  through.  

T h a t ' s  a l l  f o r  t h a t  s l i d e .  

I need t h e  viewgraph a g a i n ,  though. Wait 
a minute,  I have g o t  one more slide. 

( S l i d e  8 - 1  

Now, you a r e  going t o  have t o  b e l i e v e  m e  on 
t h i s  one. 





T h i s  i s  a 6000 c y c l e s ,  and I took some of t h e  
v a r i o u s  m a t e r i a l s ,  t h e  nylons ,  and h e r e ' s  two poly- 
p r o p y l e n e ~ ,  and as you can see on t h e  n e g a t i v e  s i d e  i s  a 
l i t t l e  b i t  of ~ a d m i & . ~ a n d  on t h e  p o s i t i v e  s i d e  on t h e  
nylon t h e r e  is  none. 

On t h i s  polypropylene h e r e ,  which i s  one of  
t h e  m i c r o f i b e r s ,  t h e  m a t e r i a l  has  gone r i g h t  through. 

T h i s  i s  t h e  Hercules  m a t e r i a l  h e r e ,  and you 
probably c a n ' t  even see it. I n  f a c t ,  I d i d n ' t  t h i n k  it 
was on t h e  s l i d e  when I looked a t  i t ,  b u t  it is  a lmost  
pure  whi te ,  so it d i d  n o t  go through t h e  Hercules  
m a t e r i a l ,  and I k i n d  of  gave them a r a t i n g  a s  t o  what I 
thought. about  them, mainly,  Hercules ,  I d i d n ' t  g i v e  them 
a very good because t h e r e  was q u i t e  a b i t  o r  t h e  
n e g a t i v e  s i d e ,  b u t  it d i d n ' t  seem t o  be bo the r ing  t h e  
cell .  

Okay. Then t h a t  i s  t h e  6000 c y c l e s ,  
and they  a l l  look -- t h a t  was t y p i c a l  of t h e  group. 

May I have t h e  viewgraph? 

( S l i d e s  9 t lO.  ) 

Now, I am going t o  g o  through t h e s e  k ind  of 
q u i c k l y ,  because 1 donu4-  want t o  t a k e  up t o o  much t i m e  
h e r e ,  b u t  what w e  have h e r e  i s  t h e  a n a l y s i s  dur ing  c y c l i n g  
o f  t h e  v a r i o u s  m a t e r i a l s  f o r  hydroxide and carbonate .  

Hydroxide is  on your  l e f t ;  ca rbona te  is on your 
r i g h t .  

And w e  s t a r t  a t  t h e  t o p  w i t h  t h e  s t a n d a r d  nylon 
and t h e  o t h e r  t w o  t y p e s  of nylon are t h e  two bottom ones.  

And I am kind  of s u r p r i s e d  t h e y  s t a y  s o  -- t h e y  
seem t o  s t a y  s o  c o n s t a n t  over  t h e  c y c l e  l i f e ,  and I w i l l  
show you t h e  same in fo rmat ion  i n  t h e  n e x t  viewgraph e n  
t h e  polypropylenes.  

These h e r e ,  i f  you can use your imaginat ion  
a l i t t l e  b i t  on some of them, t h e y  d o n ' t  change t o o  much, 
and they  a l s o  seem t o  s t a y  c o n s t a n t .  

Well, I would j u s t  l i k e  t o  e x p r e s s  a n  op in ion ,  
n o t  a conc lus ion ,  on t h e s e  slides, t h a t  maybe what w e  a r e  
l o s i n g  is t h e  wa te r  o n l y ,  dur ing  t h e  c y c l i n g  program. 



L e t t s  see, may I have t h e  n e x t  one,  p lease .  

( S l i d e  11.) 

Now, a f t e r  t h e  t es t  program was a l l  over ,  
w e  had a few cells l e f t  of each group,  and w e  wanted t o  
de termine  whether t h e s e  c e l l s  were s h o r t e d .  

I mean, when you t a k e  them a p a r t ,  t h e  c e r t a i n l y  
look l i k e  they  are, e s p e c i a l l y  some of t h e  polypropylenes.  

So w e  t r i e d  some v a r i o u s  s h o r t  tests ;but  d i d n ' t  
seem t o  show up anything.  

So w e  d i d  t h i s  test :  Charge a  ce l l  f o r ,  oh,  
about  f i v e  minutes ,  I f o r g e t  t h e  r a t e  off-hand, and j u s t  
l e t  them s i t  on open c i r c u i t  f o r  a  long t i m e .  

Now t h e  d a t a  we have h e r e  is  a f t e r  two months 
on open c i r c u i t  v o l t a g e ,  t o  see i f  they  w i l l  mainta in  
over  one v o l t .  And a s  you s e e ,  one of t h e  ny lons ,  t h e  
s t a n d a r d  nylons ,  f a i l e d ,  it was below a v o l t ,  I d o n ' t  
know i f  you would c a l l  t h a t  a  f a i l u r e ;  where two of them 
have s t a y e d  up over  a  v o l t .  

And i n  t h e  polypropylenes ,  t h e  Hercules 
m a t e r i a l  h a s  s t a y e d  over  a  v o l t  f o r  t w o  months, and 
t h e  rest of them have gone down t o  e s s e n t i a l l y  zero. 

Now, t h e  f o u r  t h a t  a r e  up t h e r e ,  t h a t  show 
cells below one v o l t ,  went down one t o  t w o  weeks a f t e r  
we s t a r t e d  t h e  test .  The o t h e r s  have been ho ld ing  up 
t h e r e  f o r  some t i m e .  

So, from a l l  t h e s e  tests  ye  have had,  I would 
j u s t  l i k e  t o  e x p r e s s  an  op in ion .  I d o n ' t  know i f  w e  
can  r e a l l y  prove a l l  t h e s e ,  b u t  -- 

Now, t h e  cadmium m i g r a t i o n  -- i s  t h i s  on? 

Oh,  yes .  

The cadmium m i g r a t i o n  through t h e  s e p a r a t o r  
appears  t o  be r e t a r d e d  i f  t h e  s e p a r a t o r  r e t a i n s  a  
l a r g e  amount of e l e c t r o l y t e ,  and, of course ,  t h i s  t e n d s  
t o  slow down t h e  s h o r t i n g  mechanism. 

T h i s  is  s t r i c t l y  an opinion:  t h e  reason nylon 
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. r e t a i n s  q u i t e  a  b i t  o f  e l e c t r o l y t e  i s  t h a t  t h e  l u b r i c a n t  
i s  p robab ly  n o t  v e r y  s t a b l e ;  however, t h e  s u r f a c e  o f  t h ~  
n y l a n  d e g r a d e s  and t h u s  w e t t i n g  i n  t h e  m a t e r i a l  remains  
a t  a  h i g h  v a l u e .  

A w a t e r  loss may b e  -- cou ld  be  t h e  mechanism 
of t h e  s e p a r a t o r  d r y i n g  o u t ,  w a t e r  l o s s  o n l y ,  and n y l o n ,  
under  c o n d i t i o n s  s i m i l a r  t o  t h e  t e s t ,  seems s t i l l  t o  b e  a 
good s e p a r a t o r  t o  u s e  f o r  two t o  t h r e e  y e a r s  i n  a  s a t e l l i t e  
o p e r a t i o n ,  c e r t a i n l y  good f o r  many of t h e  m i s s i o n s  t h a t  
w e  o n l y  have one y e a r  d e s i g n  l i f e  on. 

I would l i k e  t o  acknowledge t h e  h e l p  of  a 
l o t  of  p e o o l e  i n  t h i s  program, e s p e c i a l l y  t h e  p e r s o n n e l  
a t  . NAD C r a n e , - ,  which I t h i n k  d i d  a t e r r i f i c  j ob  i n  
t h i s  p a r t i c u l a r  program. 

One o f  t h e  main t a s k s  of t h i s  whole t h i n g  was 
t r y i n g  t o  g e t  t h o s e  s e p a r a t o r s  i n t a c t ,  and ,  o f  c o u r s e ,  
I f e e l  t h e y  d i d  a  v e r y  c a r e f u l  a n a l y s i s  a l o n g  t h e  way. 

So I t h a n k  you, and i f  you Lave any q u z s t i o n s ,  
I w i l l  t r y  t o  answer  them. 

(Applause.  ) 

HENNIGAN: So o u r  n e x t  speaker.Ki.12 betsomewhat 
of  a c o n t i n u a t i o n  of  t h e  m a t e r i a l s ,  t h e  r e s u l t s  o f  t h e  
m a t e r i a l s  t h a t  w e  had ,  as f a r  a s  t h e  c h a r a c t e r i s t i c s  o f  
t h e  m a t e r i a l s  b e f o r e  c y c l i n g  and ,  I t h i n k  w e  have some of  t h e  
c h a r a c t e r i s t i c s  a f t e r  t h e  6000 c y c l e s ,  o r  a f t e r  t h e  v a r i o u s  
c y c l e  b i t s .  

We d i d  have a q u e s t i o n  back t h e r e .  Guy? 

RAMPEL: Yes, Guy Rampel, G e n e r a l  E l e c t r i c .  

G r a m s  p e r  c e n t i m e t e r  c u b d f o r  e l e c t r o l y t e  
r e t e n t i o n .  Where d i d  you g e t  t h e  t h i c k n e s s  d imens ion ,  
b e f o r e  t h e  s e p a r a t o r  was i n  t h e  ce l l ,  o r  a f t e r w a r d s ?  

HENNIGAN: N o ,  t h a t  i s  a f t e r  it was d r i e d  o u t .  
We t a k e  t h e  s e p a r a t o r  and l e e c h  o u t  t h e  e l e c t r o l y t e  t h a t  
is i n  t h e  s e p a r a t o r  p a t c h ,  okay? Anb t h e n  it is  t i t r a t e d ,  
and  t h e n  w e  t a k e  t h e  s e p a r a t o r  o u t  and  d r y  it. 

Now, t h a t ' s  t h e  t h i c k n e s s  d imens ion  w e  got a f t x  
it was d r i e d  a u t .  



RAMPEL: Thank you. 

H E N N I G A N :  Boh? 

STEINHAUER: Bob S t e i n h a u e r  , Hughes. :. . . : . . 

Tom, two th ings :  one,  you had some l i t t l e  
marks-on t h e  chemical  c h a r t s ,  p a r a l l e l  o r  h o r i z o n t a l  
marks, 

What d i d  t h o s e  mean3 

HENNIGAN:  Oh, t h o s e  were maximum/~inimwns. 

Is t h a t  what you mean? 

STEINHAUER: Y e s ,  b u t  some of t.he marks, t h e r e  
were p o i n t s  o u t s i d e  o f  chose t w o  marks. 

HENNIGAN: Maybe: I - p l o t t e d : - a l l  the .  . po in t s . ;  I ,: -. 
t h i n k  I d i d .  

There a r e  t o u r  v a l u e s  t h e r e ,  okay? There a r e  
f o u r  v a l u e s  on each s e p a r a t o r ,  so I t h i n k  I p i o t k e d  
them a l l .  

STEINHAUER: Okay. 

HENNIGAN: Okay. 

STEINHAUER: Second, t h i s  i s  e s s e n t i a l l y  a 
low e a r t h  o r b i t  t e s t i n g .  

HENNIGAN: Right .  

STEINHAUER: I am very  concerned wi th  whether 
t h a t  type  c f  d a t a  i s  e x t r a p a b l e  t o  synchronou:~ o r b i t  
t e s t i n g ,  and if you people  have any p l a n s  t o  run  tests  

i 1 
more i n  a synchronous o r b i t ?  i i 

4 

t 
HENNIGAN: Well, I d o n ' t  know i f  you can  f 

e x t r a p o l a t e  it Tha t  i s  always a hard  q u e s t i o n  to  answer. 

But w e  have p u t  some of t h e  2505 t y p e  s e p a r a t o r  
c e l l s  on con t inous  overcharge  a t c / 3 0 ,  and w e  i n t e n d  t o  
t a k e  t h e s e  cel ls  o u t  once every t h r e e  months. We on ly  
have t h r e e  cel ls ,  s o  w e  can  go n i n e  months w i t h  t h a t  one. 
So w e  w i l l  see i f  t h a t  c o r r e l a t e s  w i t h  d ry ing  o u t  a l s o ,  



and t h o s e  c e l l s  have been on about  a month. 

I do i n t e n d  maybe t o  t a k e  t h e  c e l l s  w e  g o t  
l e f t  over  from t h e  f i r s t  program and a l s o  con t inuous ly  
t r i c k l e  charge  t h o s e  and s e e  how they  o p e r a t e .  

BELOVE: Tom? 

HENNIGAN: Yes. 

BELOVE: Belove, Marathon. 

HENNIGAN: Oh, y e s ,  sir. 

BELOVE: Tom, how do you r e l a t e  t h e  c o n d i t i o n  
of  t h e  s e p a r a t o r  t o  t h e  p l a t e s  themselves? You show 
s e p a r a t o r  wi th  -- i n  v a r i o u s  c o n d i t i o n s  of having more 
or l e s s  m a t e r i a l  on them, b u t  d i d  anyone examine t h e  
p l a t e s  t o  s e e  whether  t h e  p l a t e s  thems2lves were f u l l ?  

What is  t h e  r e l a t i o n s h i p  between t h e  two? 

HENNIGAN: Well, w e  saved a l l  t h e  c e l l  s t a c k s  
a f t e r  they  were p u t  through a s o x h l e t  and washed 
o u t ,  s o  w e  have a l l  t h o s e  m a t e r i a l s  a v a i l a b l e  t o  l~s ,  it 
i s  j u s t  t h a t  w e  have g o t  t o  g e t  t h e  time t o  s i t  down 
and see what w e  want t o  do w i t h  them and what kind of  
measurements w e  want t o  make. 

BELOVE: I have one o t h e r  q u e s t i o n .  

Did I h e a r  you c o r r e c t l y  t o  say  t h a t  t h e  
wetter t h e  s e p a r a t o r ,  t h e  less m a t e r i a l  appeared  t o  be  -- 
appeared on t h e  s e p a r a t o r ?  

HENNIGAN: Appeared t o  m i g r a t e  through it. 

BELOVE: To migra te  through. Tha t  is s t r a n g e ,  
i s n ' t  it? I t  would appear  a s  though t h e  wetter t h e  
s e p a r a t o r ,  t h e  more tendency f o r  m a t e r i a l  t o  m i g r a t e  
through. 

HENNIGAN: Well, i f  you have g o t  any op in ions  
on it, I -- w e  would l i k e  t o  h e a r  it. I d o n ' t  know why 
it happens. 

BELOVE: Yes. 

HENNIGAN: We have a n o t h e r  q u e s t i o n .  



G R I F F I N :  N a l l o r y  B a t t e r y  (Canada) . 
I would l i k e  t o  a s k  you w h ~ t  you t h i n k  a b a u t  

t h e  e l e c t r o d c  yap  here when you s t a r t  d e s i g n i n g  t h e s e  
c e l l s ,  I n o t i c e  you have d i f f e r e n t  dry t h i c k n e s s e s  on 
a l l  t h e s e  m a t e r i a l s .  

Could you conunent on how many l a y e r s  you p u t  
i n ,  o r  whether  it i s  j u s t  one l a y e r ,  and a l s o  what you 
t h i n k  abod t  these m a t e r i a l s .  A r e  these p r o d u c t i o n  
m a t e r i a l s ,  a r e  t h e y  l a b  t e s t s ,  p i l o t  t e s t s ,  what?  

HENNIGAV: Well, t o  answer one q u e s t i o n ,  t h e r e  
i s  o n l y  l a y e r  i n v o l v e d  i n  each  -- between t h e  p o s i t i v e  
and n e g a t i v e .  I t  is p u t  i n  i n  a U-fold t y p e  of assembly.  

Most of t h e  ms. t .er ia ls  -- w e l l ,  t h e  Pell .on material,  
I would say it i s  a p r o d u c t i o n  m a t e r i a l .  The G M  i s ,  
what would you c a l l  t h a t ,  a s e m i - p i l o t  p l a n t ,  p i l o t  p l a n t  
t y p e  o p e r a t i o n .  And H e r c u l e ~  is . .  a  p i l o t  p l a n t  o p e r a t i o n .  
They a r e  n o t  made o u t  o f  a b e a k e r ,  t h e y  a l l  have  some t y p e  
o f  a  machine comb(?) w i t h  them. The Hercu le s  one i s  
k i n d  of a s t a n d a r d  machine t h a t  i s  used  i n  making micro-  
f i b e r s .  

G R I F F I N :  Well, i f  you a r c  go ing  t o  use j u s t  
ope e l e c t r o d e  g a p  with t h e s e  d i f f e r e n t  t h i c k n e s s e s ,  have 
you though t  of a l t e r i n g  t h e  e l e c t r o d e  gap  t o  f i t  t h e  
a b s o r b e r  system r a t h e r  t h a n  t. ~ i n g  t o  make tile a b s o r b e r  
sys tem f i t  t h e  e l e c t r o d e  system? 

MR. MENNIGAN: Well, w e  a r e  g a n g  ahead  w i t h  some 
more tes t s ,  and one  of them h e r e  is  a  v a s i a t i o n  of  
d e n s i t y  of  m a t e r i a l ,  which,  t h e  H e r c u l e s  p e o p l e  can 
v a r y  t h e  d e n s i t y  t.o whatever  you would l i k e ,  and w e  are 
going  t o  t r y  maybe t h r e e  d e n s i t i e s .  

I d o n ' t  kaow what t h e  t h i c k n e s s  o f  t h e s e  
m a t e r i a l s  are,  b u t  I would e x p e c t  as t h c , d & s i t y  g o e s  
down, t h e y  a r e  a l i t t l e  b i t  t h i n n e r ,  b u t  I d o n ' t  have  
any numbers. 

M r .  Lyons, i s  t h a t  r i g h t ?  

LYONS: Lyons, Howard T e x t i l e .  ( v o i c e  l a w  volume) 

How does  t h e  d e n i e r  of  t h e  f i b e r  o f  one  com- 
p a r e d  w i t h  t h e  o t h e r  a f f e c t  t h e  amount o f  r e t e n t i o n  o f  

t h e  e l e c t r o l y t e  or  t h e  d e p o s i t ?  



HENNIGAN: I don't feel I could answer that 
question. 

The next speaker is going to talk about some 
of the characteristics. 

Now, I don't know if that is included or not. 
But why don't we bring him on, if you are interested 
in the characteristics. 

D:., I see another hand? 

BACHER: Bacher , RCA. 

Tom, you expressed an opinion on the usability 
of the nylon samples for one and two year missions. 
I didn't catch a summary on the polypropylene materials, 
or your opinion on the suitability. 

HENNIGAN: Well, I guess you have to -- if you 
want a five to ten year battery at zero to 2 5  degrees C, 
and especially the higher temperature, I think the consensus 
is you have to go to some other material than nylon, 
and polypropylene seems to be a good bet. 

BACHER: But does it show -- do you think it 
showed a marked improvement in retarging migration? 

HENNIGAN: Only the Hercules. It was comparable 
to the nylon. 

There is one other thing I would like to say 
a b u t  the whole program. The only material that was 
comparable to nylon electrically, as far as charge 
voltages -- well, discharge didn't make a whole lot of 
difference, but charge, was the Hercules material. It 
is about the only material we tested that we could say 
was a substitute for nylon today. 

However, I don't see any sensg in substituting 
if you have got a short mission. 

BACHER: Thank you. 

HENNIGAN: Any other questions? (Additional 
information on page 71.) 

We will bring on the next speaker, who has 
some data on the characteristics of these materials 
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before cycling, and some information after cycling. 

This is Aaron Fisher, who is at the Materials Branch at 
Goddard Space Flight Center. 

FISHER: First  off, I want to thank Tom for the very fine 
description he gave of the various types of tests, a t  least from the 
Crane point of view, the Crane angle, the electricals. 

What we a r e  trying to do is  portray a depth type of physical 
property description and tie that in with some of the properties that 
were ongoing in the batteries as they were brought out for the 1500, 
3000, 4500, and 6000 cycles. 

1 want to say that the Bureau of Standards has been doing 
practically all of our work in regard to the particular properties we 
a r e  going to talk about, and we have prepared for you a preliminary 
interim report, which eveyone is going to have a copy of, that is, 
whoever wants one. And within it, we have the particular techniques 
that a r e  being used, and the description of them. 

Basically, they a r e  out of the pages of "Screening Methods of 
Fleisher and Cooper. " So, if you note particular captions on some of 
these columns, the techniques for obtaining these particular data a r e  
as described in the set of kiterim data from NBS, previously noted. 

Now, I have been sort of forewarned that "please do not throw 
too much data a t  the people, " but it is something I think that we may have 
to live with, at least for now, because it is the only way that one can 
look a td l  of the parameters and a t  battery conditions a t  the same time, 
and even though it may look voluminous, maybe we can get something 
out of it. 

So, let me put this particular vie~vgraph on. I 

(Slide 12). i 
L 

As you see  here, we have essentially the same materials that t 

Tom has spoken about before. The 250< t h a t  is; the ML-2505 Pal lon  ! E 

K4 calendared. 

The next one is the calendared Pellon K4 with the hydrochloric 
acid treatment, .7% treatment. 
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The third one is the maximum loft type material, the 2505ML. 

The next one is the Pellon 2140, which is the polypropylene. 

The subsequent one is the Her:ulee microfiber. And then the 
GAF material, WEXs, et cetera. 

I will get around to bringing some of those up where we can 
see  the data. 

Now, we have these various columns and their titles, apparent 
density, percent KOH absorption, apparent porosity, permeabilities 
and from all of these, we would hope that we can come out with some of 
those parameters which indicate which particular separator might be 
a more desirable type. 

NOW, if you look in the apparent density column, we find that 
the polypropylene, that is, the microfiber polypropylene and the MLs 
arg shar.ing the position for very low apparent density, and this sort 
of ties in also with the proposition of absorption. 

You a r e  beginning to get the large amount of absorption in that 
a rea  of low density, including also the K4 and the K4HCl treatment. 

Now, the apparent porosity is a term that we get from taking 
the absorbed weight and density of the material and get a volume and 
compare that with the original volume of the separator. 

So we can see  that the apparent porosity of the material is high 
for the nylons and also for the microfiber polypropylene. 

The other particular material, the WEX, the W-E-X - - -  material, 
and also the Kendell material, which is further on down below, have 
not shown up well in this particular a rea  of porosity. 

We have our a i r  permeability, which is the time it takes for 
- in seconds - for 300 CC to pass through a separator. These values 
a r e  for the parlicular Gurley type of instrumentation that was used. 



Now the wet out in seconds is 3 operation which we sort  of 
devised. It is a circular Lucite plate with variously increasing grooved 
diameters, and it has got a hole in the center. 

What we do is drop some of the KOH material down through 
the hole, watch the expanding wetting KOH and see how far  it expands 
in the p r t i cu l a r  period of time, as viewed against the grooved circles 
of increasing diameter . 

Now, the wet out is an indication of how long it takes to 
actually disappear, so we can see  that the low numbers over here in 
the seconds a r e  indicative of a material which is going to wet out 
quite easily. 

And from that point of view, we see  that the initial K4 and the 
MLs and also the polypropylene, the microfiber polypropylene a r e  
very good in this particular regard. 

The as received WEX 1242 also shows up quite well in this 
area. 

The specific resistivity is a s  indicated in the ~ l e i s h k i k -  
Cooper screening technique. That is the particular method that we 
used here. 

And we can see, as we a r e  coming down the column, that 
.30, .20 density and two below those, those a r e  the Kendall materials 
that have the high density, approximately . 6  to start with, ard we can 
see  that the specific resistivities a r e  quite high with the . 6  density. 

The other resistivities a r e  nominal and the primary 
indication here is that with the high dens+-ties, we a r e  getting the high 
resistivities, and otherwise, we have a nominal type of specific 
resistance. 

The next column is the KOH retention on the separator, gram I 

centimeters per cubic centimeter, and that is basically the same type of 
data that Tom presented before, except now we see it in the context of all 
the other particular properties that have gone befare. 

They a r e  read left to right for the 1500 through 6000 cycles, and 
we can see  that the retention is greatest, say, with the nylons, and with the 
polypropylene, the microfiber polypropylene, and that for  the 

d 



others, the KOH retention is quite low, I mean, noticeably low, so 
that you can see  there is quite ail apparent difference between that 
group, and the mic roprlypropy lene nylon group. 

Now, the pack capacity is indicated in the next column, and 
that runs from an original value, before cycling, through 6000 cycles, 
so  that the first number there, up on the top column is 7.56, that would 
be the original number. And 7.52, 7.5, 7.6, and 7.25 a r e  progressive 
values a s  the cycles increase to 6000 cycles. 

So we can see  that the Pcllon K4 material is holding up pretty 
well in regard to the capacity of the cell. 

I want to also indicate that these capacity values a r e  different 
from Tom's in that Tom's went down to, I believe, one and a quarter - 
was that it, Tom? 

HENNIGAN: One one five. 

FISHER: One oce five volts (l.lW) . 
These go down to a half volt, so these numbers a r e  higher 

than in Tom's data which were in the neighborhood of about six. These 
were taken from the same data, incidentally, but a r e  an extension of it. 

A.s we go along, we can see  differences in the tapering off of 
the capacities, say, in those values which correspond with a KOH 
retention,%,& is quite low. 

One of the unusual things that occurred in this particular 
operation was the capacities for the ML-2505, which we had been 
considering a s  sort of standard, being quite lower, appreciably 
lower than the K4 material. The uniformity of the Fellon K4 
material, both in the KOH retention and the capacity is quite 
noticeable as compared to the 2505-ML, which might lead me to 
say that even though it is a K4 calendar, that it might be a more 
uniform type of material, and possibly it should be used as sort 
of a control rather t h m  the Pellon 2505-ML in W u r e  types of 
 operation.^. 

( Slide 12) 

If you can recall the particular materials that u ~ e  have there, 
basically the K4 and - 



(Discussion off the record) 

FISHER: These a r e  the actual cell resistivities in milliohrris 
from the original on up through 6000 cycles again. These happen t r  be 
water colors, and I guess in the rain I may have wiped off some of them, 
but the numbers over there in the first column, we inve about 2.46, I 
think that is the number, and one under it, 3.0:;. 

Basically, these follow the same type of procedure as 0.1 ti lz 
previous column, that is ,  the first number is the original, and the-1 
they progress from left to right on out to 6000 milliohnis. 

We can see  that as we get down into the area  of the polypropy!enes, 
where the retention on the separator is low, that we have resisitivi .y tnat 
is starting to climb. 

If you compare the resistance here, the cell resistance here a s  
compared with the one in the 2505-K4 calendar material, you see that the 
resistivity up here is comparatively low and that there is a general tendency 
for the resistance of the cell to move on up, possibly uith the diminishing 
amount of KOH on the separator. 

We really haven't probed into this particular area. This is 
practically brand-new data tii.-I+ I was looking at the other day, and we put 
it down for your information. We would like to present this and put it 
into the book so that you would be able to really look a t  it and possibly 
analyze it on your own. 

What we have hers, now, is a sort of in-depth type of view of 
what particular types of separators and their absorptivities, et cetera, 
and retentions, a r e  doing in t e rms  of the cell a s  it is progressing along 
through the 6000 cycles. 

Originally, we thought that we were going to reflux our separator 
materials and get similar data to that before refluxing, refluxing with 
hot water. We were going to reflux them so that we oould start  with a 
standard which would compare with the material that we were going to get from 
Crane. Crme ' s  materials was to have been or  would be refluxed 
separator material from cycled h t t e r i e s .  So, we thought we would 
take our original materials and reflux them to  see  what kind of values 
we would get out of them in anticipation of what we would get from Crane. 



Much to our surprise, we found that a s  we started looking at 
the polypropylenes, the properties that we thmght we would be able to 
compre  later, on battery c. cled and refluxed separators,disappeared 
because most of the polypropylenes had wetting agents o r  materials 
on them that dissolved in the soxhlet reflux action, so that - let me show 
you some of the indications of this. 

(Discussion off the record) 

FISHER: This is a wet out similar to the other wet out that we 
have up there in seconds. 

This is after the material has been refluxed, and we see the 
9900 seconds a s  an arbitrary number that we used to fit inot a computer 
sched~-ile Lhat n e were doieng, but it actually means that it may n e , w  
have gotten to the point walere there was any kind of wetting out occurring, 
and you can see that with the polypropylenc mil csials, i?-]:Sing the 
microfiber material, that after refluxing, the time for wet out increased 
tremendously, so that we had here a system which primarily, it would 
appear to me, had to depend upon, at least for wetting and absorption 
of electrolyte, had to depend upon the fact that thet*e was a wetting agent 
material on the polypropylene. 

However, a s  we look a t  the nylons, we see that although refluxing 
has occurred and some changes have occurred, that we a r e  still able to 
get an absorption, o r  wetting out of the materid.  

Now, in the case of this number e!.even, I1 seconds, I sort of 
investigated that on my own, and I could not believe tbzt it had become 
so  enhanced because of a refluxing operation, and we have been studying 
actual droplet form as it is affected by wetting, that is, we have a mirror 
arrangement under a microscope, and we can put a drop of - a known drop, 
a micrometer calibrated drop, on a fabric, - and take pictures of the way the 
drop is absorbed, and so we t ~ u g h t  that maybe this very rapid absorption 
was possibly due to the fact that the ilylon, when it was being measured, 
had not been thoroughly dried, and we did take pieces of nylon and 
subjected them to various drying cycles and i t  was apparent that those 
which were least dry showed the greatest tendency toward wetting, for 
whatever that might be, and as the nylon fabrics dried out, more and more, 
then the tendency for wetting decreased. 



I might want to indicate that we a r e  also involved in a study 
on the ability of KOH to wet various surfaces. This tool aliows u s  to 
modify the surfaces of the fabrics. say, possibly with corona disch~rgt? 
or with oxidizing reagents, o r  possibly with wetting agents, and to 
quickly then be able to see in the microscope, on a time scale. just 

t j o w  rapidly the drops could be absorbed into the fabric a s  a function of 
the modifications on the particular material. 

I have not brought any of the picuires, though we have hosts of 
them, blown up pictures, which show a lateral view of drops a s  they a r e  
disappearing into fabric materials, and maybe we can include some of 
those in the report that is going out. 

That is about al l  I want to say for r~ow. 
(Applause) 

FISHER: One further thing, these interim NBS reports will 
be available at lunch time. I will bring a batch of them up here, enough 
for everyone. 

HENNIGAN: Do we 1 1 ~ ~  any questions for Mr. Fisher? 

FISHER: I think on that question that arose before on the denier, 
I do not know whether you wcre talking about the denier, o r  whether it 
was really cross  sectional area  that you really had in mind. 

It would appear to me that if  you have a vely fine fiber, and you 
do not have a wetting agent 01: it, 5 uu will l ave  great difficulty with 
the microfiber in trying to wet it. 

Jn fact, there were some operations that we could not get any 
data on at all, once the wetting agent was removed, but with the assistance 
of the wetting agent, nonwovens appear to be excellent absorbers of KOH 
solution, and I think some of tl-ase data might bear thct out. 

HENNIGAN: Are there any other questions for  Mr. Fisher? 

Bob Steinhauer? 



STEINIIAUER: St einhauer, Hughes. 
I f that sanlc wettirig agent were used on a polypropylene with 

larger denier size or  cross  sectional area,  would you expect s imilar  
results to the Hercules? 

FISHER: If the same type of wetting - I did not get that, what 
was that again? 

STEINHAUER: In other words, y w ~  attribute the properties - 
o r  at  least, part of the properties of the Hercules material to that 
wetting agent. 

What if some of the same wetting agent used on the Hercules 
material applied to larger size fiber materials, would you expect the 
same results? 

FISHER: No, not the same results. 
I am saying that you would have a difference depending upon the 

thickness of cross  sectional area of your fiber. 

I am saying you can get very excellent results with a microfiber 
and a wetting agent. Without a wetting agent, no; you can take the same 
wetting agent and pui it on another polypropylene material, yes, if  
it is the same type of denier o r  diameter, I would e x ~ e c t  the same type 
of results. 

If the fibers were of l a r g ~ r  diameter, which means decreased 
surface area,  1 would expect a lesser  type of result, i. e . ,  absorption. 

HENNIGAN: I would like to mention one thing about the wetting 
agent on the Hercules material, after these tests  were over, we sent the 
material to Hercules, who offered, gratis, to analyze and see if they 
were losing it. No:v that was a little difficult to analyze for because there 
isn't very much on there, plus the cadmium was interfering with their 
analysis, but it is their opinion that they lost sotne but it's leveled out. 

Now, that is an opinion. I do not have any proof for it. But 
they did analyze the nlaterial for us before and after six thousa~d cycles. 

Our next speaker this morning is Harvey Seiger from Heliotek 
and Harvey is going to explain 



t o  us  why some of t h e s e  t h i n g s  a r e  going on i n  t h e  
c e l l ,  l i k e  t h e  d ry ing  o u t ,  i s  t h a t  r i g h t ,  Harvey? 
E l e c t r o l y t e  lcss. 

I want t o  make s u r e  I have t h e  r i g h t  guy. 

(Laughter .  

SEIGER: Harvey S e i g c r  of Meliotek.  

I d o n ' t  t h i n k  we w i l . 1  e x p l a i n  t h e  whole 
t h i n g ,  b u t  I hope t h a t  w e  w i l l  s t a r t  something towazds 
unders tanding why one l o s e s  e l e c t r o l y t e  from t h e  
s c p a r a t o r  and has  i t  go i n t o  t h e  e l e c t r o d e s .  

I t h i n k  it i s  p r e t t y  w e l l  e s t a b l i s h e d  now 
- a t  t h i s  r e d i s t r i b u t i o n  does o c c u r ,  and it appears  

i n  ce l l s ,  r e g a r d l e s s  of  t h e  s c p a r a t o r  m a t e r i a l  t h a t  i s  
used,  a l though it is  g r e a t e r  and i t  occurs  a p p a r e n t l y  
more r a p i d l y  w i t h  polypropylene  than  it does  wi th  t h e  
nylon. 

Mow one of t h e  mechanisms t h a t  I have heard  
t h a t  has  been p o s t u l a t e d  i s  t h a t  t h e r e  i s  a c o r r o s i o n  
of t h e  g r i d .  

We have cons ide red  i t ,  b u t  w e  a r c  n o t  going 
t o  t r e a t  it h e r e  because our  c o n s i d e r a t i o n  shows t h a t  
it i s  n o t  a  p r e v a i l i n g  mechanism. 

Now, nylon degrada t ion  was n o t  cons idered  
because r e d i s t r i b u t i o n  occur red  i n  cells w i t h  poly- 
propylene  s e p a r a t o r s  a s  w e l l  a s  t h o s e  w i t h  nylon.  

There a r e  a p p a r e n t l y  two o t h e r  mechanisms 
t h a t  occur  i n  ti 3 cel ls ,  and one i s  simply a  t h i c k e n i n g  
o f  t h e  p o s i t i v e  e l e c t r o d e .  Well, t h e  e n t i r e  ce l l  a s  
used i s  h e l d  under a mechanical  c o n s t r a i n t  and i f  t h e  
p o s i t i v e  e l e c t r o d e  docs t h i c k e n ,  it has  g o t  t o  e x e r t  
i t s  f o r c e  on something,  and t h e  s e p a r a t o r  is 
compressable,  s o  you are opening up a d d i t i o n a l  
volume i n  t h e  p o s i t i v e  e l e c t r o d e  by i ts  t h i c k e n i n g ,  
and you a r e  compressing a w e t  s e p a r a t o r ,  and you would 
s imply squeeze t h e  e l e c t r o l y t e  o u t  o f  t h e  s e p a r a t o r  and 
t h e n  it could  e n t e r  t h e  p o s i t i v e  e l e c t r o d e .  

And I t h i n k  t h a t  i s  a l l  t h e  t i m e  I am going t o  
spend on t h a t  p a r t i c u l a r  mechanism. 



The second one t h a t  I b e l i e v e  p r e v a i l s  is  
t h e  r e a l  o b j e c t i v e  of t h i s  p r e s e n t a t i o n ,  and I contend,  
2nd I w i l l  t r y  t o  e s t a b l i s h  some of  i t  by some 
i n d i r e c t  ev idence ,  t h a t  t h e r e  i s  a i r  ent rapped i n  some 
of t h e  v o i d s ,  p a r t i c u l a r l y  o f  t h e  n e g a t i v e  electrode; 

a t  t h e  t i m e  t h a t  t h e  c e l l s  were s e a l e d .  

Now e s t i m a t e s  a r e  made of  t h e  amcunt of  t h e  
a i r  t h a t  i s  en t rapped  and i t  i s  s u r p r i s i n g l y  s i g n i f i c a n t .  

Now, a s  t h e  cel l  i s  used,  t h e r e  i s  an 
exchange of  t h e  a i r  w i t h  t h e  e l e c t r o l y t e ,  from t h e  
s e p a r a t o r ,  and you can v i s u a l i z e  t h e  compet i t ion  
between t ~ r e  s e p a r a t o r  and t h e  e l e c t r o d e s  f o r  t h c  
e l e c t r o l y t e .  

Now i f  t h e  s e p a r a t o r  i s  hydrophobic,  a s  w i t h  
most polypropylenes ,  it won ' t  f a r e  w e l l  i n  t h i s  
compet i t ion  and t h e  e l e c t r o l y t e  can l e a v e  t h a t  
s e p a r a t o r  and e n t e r  t h e  v o i d s  i n  t h e  e l e c t r o d e s .  

Now, such a  mechanism e x p l a i n s  n o t  on ly  
t h e  e l e c t r o l y t e  r e d i s t r i b u t i o n ,  which it i s  an  ad hoc 
h y p o t h e s i s ,  b u t  i t  a l s o  h e l p s  e x p l a i n  some o t h e r  
phenomenon t h a t  w e  have known f o r  some t i m e .  

And t h e s e  a r e  shown i n  my f i r s t  f i g u r e .  

The f i r s t  s t a t e m e n t  i s  merely an  e n u n c i a t i o n  
of  t h e  a i r  en t rapped  mechanism i n  which t h e r e  is  
a n  exchange. I s h o u l d n ' t  have used t h e  word " d i f f u s e d , "  
it i m p l i e s  t h e  mechanism. 

There i s  an exchange between t h e  s e p a r a t o r  
and t h e  e l e c t r o d e s .  

W e l l ,  i f  you have a i r  i n  t h e  ce l l  a t  t h e  t i m e  
it was s e a l e d ,  you had n i t r o g e n  and oxygen, and s o  you 
w i l l  r ead i ly  f i n d  t h a t  t h e r e  is  an  amount o f  n i t r o g e n  
i n  t h a t  c e l l ,  which I c a l c u l a t e  t o  be on t h e  o r d e r  o f  
2 ,  2.5 p s i  i n  a 20 ampereohm cell .  

Once w e  a r e  equipped w i t h  t h i s  r e d i s t r i b u t i o n  
mechanism, and we see t h a t  t h e  e l e c t r o l y t e  i s  l e a v i n g  t h e  
s e p a r a t o r ,  w e  can  e x p l a i n  some o t h e r  t h i n g s .  

For i n s t a n c e ,  t h e r e  was a  cell t h a t  had been 



des igned n o t  t o  explode ,  having a  scavenger c l e c t r o d e ,  
it went o u t  t o  Crane,  and it  d i d  explode. Mow we can 
e x p l a i n  t h a t .  

Then t h e  f o u r t h  i t e m ,  i s  t h a t  t h c r c  is a  
s e n s i t i v i t y  d e c r e a s e  of  oxygen s e n s i n g  e l e c t r o d e s ,  
which w e  can  now a s s m e ,  and I w i l l  t r y  t o  e s t a b l i s h  
it d u r i n g  t h e  p r e s e n t a t i o n ,  t h a t  t h e  loss of  e l e c t r o l y t e  
w i l l  i n h i b i t  -- o r  t h e  l o s s  of w a t e r  w i l l  i n h i b i t  t h e  
a t  which t h e  s i g n a l  e l e c t r o d e  would o p c r a t r ,  and t h a t  
would g i v e  rise t o  t h e  l o s s  o f  s e n s i t i v i t y .  

And t h e n  t h e  k inds  of c a l c u l a t i o n s  t h a t  
w e  have gone through,  t h e  c h e ~ n i s t r y ,  h e l p  us t o  e x p l a i n  
why w e  observe  on a l l  t h e  charge  p r e s s u r e s  a d e c r e a s  
o f  s t e a d y  s t a t e  p r e s s u r e  a s  t h e  s t a t e  o f  charge  o f  
t h e  n e g a t i v e s  i s  i n c r e a s e d .  

I am a f r a i d  t h a t  I won ' t  be a b l e  t o  e x p l a i n  
a l l  of  it, b u t  t h e  c a l c u l a t i o n s  a r e  very  i n t e r e s t i n g  
and it w i l l  show t h a t  t h e r e  i s  a  s l i g h t  d r y i n g  o u t .  

And t h e n  once w e  do t h a t ,  we can  encoun te r  
some d a t a  t h a t  Dennis Turner  pub l i shed  i n  t h e  J o u r n a l  
of E lec t rochemica l  Technology i n  1964, i n  which he  had 
a h i s t o r e s i s  and w z  can e x p l a i n  t h e  h i s t o r e s i s  e f f e c t  
on t h e  b a s i s  of  d r y i n g  o u t .  

-d w i t h  t h a t  I would l i k e  t o  go i n t o  t h e  
promulgat ion of  t h e  a i r  entrapment  mechanism. 

Tha t  is enough of t h a t  s l i d e .  W e  w i l l  be 
us inq  it l a t e r .  

Now h i s t o r i c a l l y ,  t h e r e  h a s  been a number of  
methods f o r  de termining t h e  amount of  e l e c t r o l y t e  t o  
add t o  a n i c k e l  caZmium cel l ,  s o  t h a t  tc have a  
s a f f i c i e n t  amount f o r  t h e  charge-discharge  r e a c t i o n s ,  
and y e t  so m ~ c h  n o t  t o  cause  h igh  p r e s s u r e s .  

Now, one exper imenta l  method h a s  been t o  add 
inc rementa l  q u a n t i t i e s  o f  e l e c t r o l y t e  and measure t h e  
over-charge p r e s s u r e  and t h e  c a p a c i t y  of t h e  cells. 

Now, I have a  g e n e r a l i z e d  se t  o f  cu rves  
f o r  t h e  nex t  one,  which show t h i s .  

( S l i d e  1 4 . )  

We j u s t  add q u a n i t i e s  o f  e l e c t r o l y t e  t o  a ce l l  
t h a t  we can e n t e r ,  and p l o t  t h e  c a p a c i t y  on t h e  dash  



curve  and t h e  s t eady  s t a t e  p r e s s u r e s  t h a t  we observe  on 
t h e  s o l i d  cu rvc ,  and we do s e e  t h a t  i t  i s  a sigmoid t y p e  
curvc .  

I happen t o  rcrnembcr f o r  a 6 ampere hour ce l l ,  
t h e  f i r s t  p o i n t  correspondcs  t o  about  16 mil l i l i ters  
and t h e  seconu Pending upward, corresponds  t o  abou t  
18  mi l l i l i te rs ;  i n  a c a s e  l i k e  t h i s ,  we would choose 
about  18  mi l l i l i t e r s  of e l e c t r o l y t e  t o  add t o  a ce l l  
and t h a t  comes up a g a i n  wi th  t h e  famous number of  
abou t  3 mi l l i l i te rs  per  a n p e r e ' h o u r .  

Now, i n  o r d e r  t o  dcterrninc t h e  amount cf 
e l e c t r o l y t e  t o  add t o  c e l l s  t h a t  we were making, we 
c a r r i e d  o u t  a procedure  such a s  t h i s ,  and w e  determined 
t h a t  w e  needed about  65  m i l l i l i t e r s  of  e l c c t r o l y t c ,  b u t  
w e  a l s o  determined ve ry  i m p o r t a n t l y  t h a t  we d i d  need 
about  4 ampere hours precharge  i n  o r d e r  t o  naximizc t h e  
c a p a c i t y ,  o the rwise  t h e r e  was a l i m i t a t i o n  of c a p a c ' t y  
due t o  t h e  p o s i t i v e  e l e c t r o d e ,  i n  s p i t e  of  t h e  f a c t  
t h a t  w e  had some prccharye  i n  t h e r e .  

I f  you c a r r y  o u t  a p recharge ,  i t  causes  a 
d i l u t i o n  of  t h e  e l e c t r o l y t e .  

Now, i f  one adds e l e c t r o l y t e  t o  c e l l s  having 
d i scharged  e l e c t r c d e s ,  and t h e n  you do the  precharging 
by whatever  method one choose, and then  c o n s i d e r  t h a t  
cel l  a g a i n ,  when it is a t  a s t a t e  of  f u l l  cha rge  a r d  
c l o s e d ,  t h e  e f f e c t  of  p recharg ing  i s  always chemical ly  
t h e  same. There i s  a d i l u t i o n .  

Now,  i n  o r d e r  t o  minimize t h i s  d i l u t i o n ,  we 
dec ided  t o  f l o a t  t h e  ce l l  p r i o r  t o  t h e  p recharge ,  and 
l a t e r  e x t r a c t  t h e  excess  e l e c t r o l y t e .  

N o w ,  i f  you fo l low t h i s  procedure ,  t h e  amount 
o f  e l e c t r o l y t e  t h a t  remains i n  t h e  c e l l  i s  now 78 
milliliters. 

The o t h e r  procedure  gave u s  65,  and now w e  
have 78,  and wc have a measurement d i f f e r e n c e  o f  1 3  
mi l l i l i ters ,  t h a t  a t  t h i s  p o i n t ,  I want t o  s u g g e s t  t h a t  
t h a t  1 3  mil l i l i ters  o f  a d d i t i o n a l  e l e c t r o l y t e  has  
r e p l a c e d  a i r  t h a t  was en t rapped  i n  t h e  cel l ,  when w e  
d i d  t h e  o r i g i n a l  work. 

And we might  a l s o  s u g g e s t  t h a t  t h e  e s t i m a t e  



void  volunlc i n  t h e  s e p a r a t o r  and i n  thc  d i scharged  
e l e c t r o d e s  p rov ides  f o r  us an  i n t e r e s t i n g  comparison. 

May I havc t h e  second viewgraph, p l e a s e .  

( s l i d e  1 5 . )  

We proceeded t o  make a volume e s t i m a t e  of 
unimpregnated vo ids  i n  t h e  e ? c c t r o d e s  and a l s o  i n  t h e  
s e p a r a t o r ,  and t h c s e  p a r t i c u l a r  c e l l s ,  they have a t o t a l  
void  volume on t h e  unimpregnatcd p laque  of  113 c u b i c  
c e n t i m e t e r s ;  t h e  void  volume i n  t h e  s e p a r a t o r  cane o u t  
t o  be  19.5 c u b i c  c e n t i m e t e r s ,  and t h e  t o t a l  t h e r e f o r e  
was 132. 

On impregnat ion ,  t h e  p o s i t i v e s  had a , 

t h e o r e t i c a l  c a p a c i t y  based on weight  g a i n  of 25  anperc hours ,  
u s i n g  t h e  d e n s i t y  of  n i c l o u s  hydroxide,  we Find a 
r e s i d u z l  void  volume of  -- w e  f i n d  t h a t  w e  have occupicd 
21 c u b i c  c e n t i m e t e r s .  

S i m i l a r l y  f o r  t h e  n e g a t i v e s ,  w e  c a l c u l a t e d  
t h a t  w e  havc impregnated 30 CCs  of cadmium hydroxide,  
and t h i s  g ives  us  a t o t a l  volume c a l c u l a t e d  i n  t h e  
d i s c h a r g e  s t a t e  cf 5 1  C C s ,  and t h e  r e s i d u a l  vo id  volume, 
t h e r e f o r e ,  i s  t h e  d i f f e r e n c e  between t h e  t o t a l  i n i t i a l  
vo ids  and t h e  volume o f  impregnated m a t e r i a l ,  and it 
comes o u t  t o  be 8 1  CC, which is awful ly  close t o  t h e  
78 t h a t  w e  a c t u a l l y  p u t  i n t o  t h e  ce l l .  

Now, w e  p o s t u l a t e  t h a t  w i t h  t h e  customary 
f i l l i n g  o f  n i c k e l  cadmium cells w i t h  e l e c t r o l y t e ,  some 
a i r  i s  ent rapped i n  t h e  e l e c t r o d e ,  and a s  t h e  ce l l  i s  
used,  t h i s  en t rapped  a i r  i s  exchanged f o r  e l e c t r o l y t e ,  
and t h i s  a i r  e n t e r s  t h e  atmosphere of  t h e  cel l .  

Now, t h e  s o u r c e  o f  t h e  e l e c t r o l y t e  f o r  t h e  
e l e c t r o d e  is  from t h e  s e p a r a t o r ,  r e s u l t i n g  i n  a 
d iminished c o n t e n t  i n  t h e  s e p a r a t c r .  

Now, i n  t h e  example g iven ,  i f  t h e s e  Cells werr 
f i l l e d  i n  t h e  customary manner, about  60 p e r c e n t  o f  t h e  
e l e c t r o l y t e  i n  t h e  s e p a r a t o r  cou ld  migra te  from khe 
s e p a r a t o r  t o  t h e  e l e c t r o d e s .  

Now s i m i l a r  c a l c u l a t i o n s  cou ld  b e  made for 
any cel l  d e s i g n ,  p?:ovided t h e  p laque  v o i d s ,  load ing  
l e v e l s ,  and s e p a r a t o r  c h a r a c t e r i s t i c s  are determined.  





Now, s i n c e  w e  have a p o s t u l a t e  on a i r  
en t r apmcn t ,  and some p r e l i m i n a r y  e v i d e n c e  on  i t ,  as 
w e l l  a s  Tom Hennigan ' s  exwcr imenta l  f i n d i n g s ,  t h i s  
method can  be used  t o  p robe  some o t h e r  q u e s t i o n s  
and problems t h a t  c x i s t  p e r t a i n i n g  t o  t h e  n i c k e l  
cadvium cel ls ,  and I would l i k e  t o  go on n e x t  t o  t h e  
n i t r o g c n  i n  t h e  a tmosphere  o f  t h e  cells.  

Now, when t h s  a i r  l e a v e s  t h e  e l e c t r o d e s ,  20 
p e r c e , ~ t  i s  cxygen ,  which i s  consurncd a t  t h e  n c y a t i v e  
e l e c t r o d e ,  and the r camin lng  80 p e r c e n t  is  n i t r o g e n ,  
which r c r m i n s  i n  t h e  ce l l  atnospk.ere.  Now f o r  t h e  
s a k e  o f  s i m p l i c i t y  i n  making cc i lcu la t . ions ,  t:.c f r e e  
s p a c e  o f  a c c l l  i s  t a k e n  a s  80 c u b i c  c e n t i m e t e r s ,  and 
t h e  q u a n t ' t y  of n i t r o g e n  i s  f o c r  t imec  c e n  t o  t h e  minus 
f o u r  moles ,  r e s u l t i n g  i n  a p a r t i a l  T,ressure  o f  2 p s i .  

Thus ,  i f  t h e  cc l l  i s  open and t h e  compos i t i on  
o f  i t s  atmosphere  de t e rmined ,  n i t r o g e n  w i l l  be found ,  

Now, a t  t h e  t i m e  of  o p ~ d n g ,  s h o u l d  t h e r e  be 
5 p s i g  i n  t h e  c e l l ,  t h e  volume compos i t i on  would bc 
p e r c e n t .  

Now, I would l i k e  t o  g o  on  t.3 t h e  Eour e l . e c t r 9 d e  
ce l l  e x p l o s i o n ,  and s e v e r a l  y e a r s  ago  w c  had done scrnc 
work on t h e  i n c l u s i o n  of p l a t i n u m  c a t a l y z e d  e l e c t r o d e s ,  
i n  sealed n i c k e l  cadmium cel ls ,  t o  enhance  r ecombina t ion .  

The p u r p o s e ,  t o  act  as a scavenger, s o  t h a t  
t h e r e  would a lways  h e  a s i g n f i c a n t  r ecombina t ion  reate f o r  
oxygen. 

'low, d u r i n g  t h e  development ,  w e  had real.lzed 
t h a t  t h e  amount o f  e l e c t r o l y t e  t h a t  went  i n t o  a c e l l  had 
t o  be i n c r e a s e d  t o  a v o i d  a n  e x p l o s i v e l y  f a s t  r e a c t i o n  
a t  t h e  f u e l  c e l l  electrode, and t h i s  is  p a r t i c u l a r l y  true 
a t  l o w  t e m p e r a t u r e s ,  where hydrogen c o u l d  be f o m e d ,  
and  t h e n  t h e  hydrogen-oxygen r e a c t i o n  would be exp los%ve .  

Now i n  subsequen t  t e s t i n g  o f  such  cells a t  
Crane ,  t h e  worst happened. The re  was a n  e x p i o s i o n  d u r i n g  
a c h a r g e  a t  low t empea tu re .  

Now, i f  we use t h e  a i r  e n t r a p m e n t  rcechanism, 
and  t h e  e l e c t r o l y t e  r e d i o t r i b u t i o n  is  a p p l i e d ,  we c a n  
ge t  a *dasonab le  e x p l a n a t i o n  f o r  what  went  o n  t!?ra. 

With the e l e c t r o l y t e  r e d i s t r i b u t i o n ,  t h e  amount 



o f  e l e c t r o l y t e  , abou t  t h a t  p1,atinwn electrode, wk.ich was 
o r i g i n a l l y  des igned  t o  be o f  c o n s i d e r a b l e  q u a n t i t y ,  it 
d e z r e a s e d ,  and when t h e  hydrogen forn~cc! Guring t h e  c h a r g e  
a t  low t e m p e r a t u r e ,  and s u b s e q u e n t l y  oxygen formed, t h e y  
r e a c t e d  v i o l e n t l y ,  c a u s i n g  t h e  e x p l o s i o n .  

N o w  a t  t h i s  t i m e  w e  n i g h t  s p e c a l a t e  t h a t  i f  w e  
were t o  redo t h i s  w i t h  p l a t i n u m  e l e c t r o d e s ,  t h e y  n i g h t  be 
i n c o r p o r a t e d  s a f e l y  i n t o  t h e  ce l l s ,  p r o v i d i n g  t h a t  t h e  
e n t r a p p e a  a i r  is  removed f i r s t .  

L e t ' s  t a l k  now a b o u t  t h e  s e n s i t i v i t y  d e c r e a s e  
o f  osygen s e n s i n g  e l e c t r o d e s .  

flay I have t h e  n e x t  s l ide ,  p l e a s e ?  

Oxygen s e n s i n g  e l e c t r o d e s  r e q u i r e  w a t e r  f o r  
o p e r a t i o n .  

1 have drawn h e r e  a s c h e m a t i c  o f  t h e  t h r e e -  
e l e c t r o d e  system.  

We snow a power s u p p l y  on t h e  t o p ,  c h a r g i n g  
t h e  p o s i t i v e - n e g a t i v e  e lectrode: : ,  and  w e  have a n  
a u x i l i a r y  e l e c t r o d e  i n  t h e r e .  

And t h e  arrows show t h e  d i r e c t i o n  o f  c u r r e n t .  
1 l i k e  t o  u s e  e l e c t r o n s  so i n c l u d e d  as w e l l  as t h e  u s u a l  
s t a n d a r d  d e s i g n a t i o n  f o r  c u r r e n t .  

Now,  c o n s i d e r  t h e  ce l l ,  a s  i t  i s  j u s t  g o i n g  i n t o  
ove rcha rge  i n  which e s s e n t i a l l y  a l l  t h e  n i c k e l o u s  hydrox ide  
?.as been charged .  

You now t a k e  hydroxy l  i o n s ,  from which you g e t  
oxygen p l u s  w a t e r .  

A t  t h e  n e g a t i v e  e l e c t r o d e ,  you are s t i l l  c h a r g i n g  
cadaium hydroxide  t o  cadmium. 

N o w ,  t h e  p a r t i c u l a r  a u x i l i a r y  e l e c t r o d e  t h a t  I 
chose  t o  t a k e  w a s  t h e  abso rbed  hydrogen mechanism. T h i s  
c o u l d  work e q u a l l y  w e l l ,  i f  one  wants  t o  assume a p e r o x i d e  
mechanism. 

What w e  show f o r  t h e  abso rbed  hydrogen rncchanism 



is t h a t  oxygen removes hydrogen t h a t ' s  abso rbed  on  n i c k e l  
s i t e s  on t h e  ner ja t ivc  e l e c t r o d e  t o  forrn one .  

That. abso rbed  hydrogen i s  r e p l a c e d  by r e a c t i o n  
t w o ,  i n  which water frorfi t h e  e l e c t r o l y t e  i s  s e p a r a t e d  i n t o  
hydroxy l  p l u s  t h e  abso rbed  hydrogcn. 

A t  t h e  n e g a t i v e  e l e c t r o d e ,  which is t h e  s u p p l y  
o f  t h e  e l e c t r o n s  i n  c a r r y i n g  o u t  t h i s  r e a c t i o n ,  a t  t h e  
n e g a t i v e  e l e c t r o d e ,  w e  a r e  d i s c h a r g i n g  it i n  o r d e r  t o  s u p p l y  
t h o s e  e l e c t r o n s  and hydroxy l  t h a t  i s  used .  

Well, v e r y  o b v i o u s l y ,  i f  you d i m i n i s h  t h e  
a v a i l a b i l i t y  of w a t e r  by e i t h e r  poor  working or  a 
d i ~ a i n i s i l e d  q u a n t i t y  o f  w a t e r  t h a t  c a n n o t  g e t  t o  t h e  
a u x i l i a r y  e l e c t r o d e ,  t h e n  t h e  s i g n a l  w i l l  be d e c r e a s e d ,  
and  t h a t  w i l l  r e s u l t  i n  t h e  loss o f  s e n s i t i v i t y .  

Now, i n  a 1967 p a p e r  a t  t h e  ?ower S o u r c e s  
Conference ,  t h e  n e c e s s i t y  o f  w a t e r  t r a n s f e r  w a s  no t ed .  

And v e r y  i n t e r e s t i n g ,  on page  64  o f  t h e  Fower 
Sources  Confe rences ,  i s  t h e  f o l l o w i n g  i n f o r m a t i o n ,  and 
I q u o t e  it: 

"These t es t  ce l l s ,  which were n o t  
h e r m e t i c a l l y  s e a l e d ,  appeared  t o  d r y  o u t  i n  
a b o u t  a thousand  c y c l e s . "  

These cel ls  had been  c y c l e d  a t  50 p e r c e n t  d e p t h  
o f  d i s c h a r g e ,  . i n  a b o u t  1 0 0 0  c y c l e s ,  t h e  per f3rmance  
deg raded ,  and  t h e r e  was 3. l o s s  o f  s e n s i t i v i t y  o f  t h e  
s i g n a l  e l e c t r o d e .  

The a d d i t i o n  of water, or e l e c t r o l y t e ,  
restores t h e  c y c l i n g  a b i l i t y  and t h e  anhydrous  s e n s i t i v i t y .  

So w e  have a case h e r e  where water was added 
t o  t h e  ce l l  t h a t  a p p a r e n t l y  had d r i e d  o u t  and w e  were 
a b l e  t o  r e s t o r e  t h e  s e n s i t i v i t y  o f  t h e  oxygen s i g n a l  
e l e c t r o d e .  

Now, it may be conc luded  t h a t  t h e  l o s s  o f  
a s i g n a l  electrode s e n s i t i v i t y  i s  due t o  i n t e r f e r e n c e  
w i t h  r e a c t i o n  2 on t h i s  s l i d e ,  which i s , i n  t u r n , e x p l a i n e d  
by t h e  e l e c t r o l y t e  r e d i s t r i b u t i o n .  

The c o r o l l a r y  t h a t  t h e s e  a u x i l i a r y  e l e c t r o d e s  
may have a more s t a b l e  s e n s i t i v i t y  w h i l e  c y c l i n g  is  
expected if one vere f i r s t  t o  t a k e  c a r e  o f  e l e c t r o l y t e  



r e d i s t r i b u t i o n .  

Tha t  enough f o r  t h a t  s l i d e .  

Thc n e x t  a r e a  d o e s n ' t  b e a r  d i r e c t l y .  I t  i s  
goiny t o  make some c o n t r i b u t i o n  t o  t h e  unders tanding o f  
some d a t a  t h a t  was pub l s ihed  i n  1 9 6 4  by Dennis Turner ,  
and it d e a l s  w i t h  tile dec rease  of  t h e  p r e s s u r e  on overcharge ,  . 
with an i n c r e a s e  o f  prccharge .  

And w e  want t o  j u s t  unders tand some of  t h e  t h i n g s  
going on i n  t h e  ce l l .  

L e t ' s  c o n s i d e r  a  f u l l y  charged n i c k e l  cadmium 
c e l l  t h a t  i s  equipped wi th  a  r e s e a l a b l e  v e n t .  

May I have t h e  n e x t  s l i d e ,  p l e a s e ?  

( S l i d e  17 . )  

Now, whi le  i n  overcharge  oxygen i s  genera ted  
a t  t h e  p o s i t i v e  e l e c t r o d e ,  i n d i c a t e d  by t h e  f i r s t  s l i d e  
and by t h e  f i r s t  equa t ion .  

And t h e  n e g a t i v e  e l e c t r o d e  charges  t o  an e x t e n t  t h a t  
is  e q c i v a l e n t  t o  t h e  number of moles p r e s e n t  i n  t h e  gaseous 
s t a t e  of t h e  cel l .  When t h a t  oxygen is  vented  o u t ,  t h e  
state of charge  of  t h e  n e g a t i v e  e l e c t r o d e  a g a i n  i n c r e a s e s .  

Now, i f  you c o n s i d e r  a l l  t h e  changes ':hat cou ld  
p o s s i b l y  o c c u r  i n  t h e  ce l l ,  p h y s i c a l  and chemical ,  i n  t h e  
n e g a t i v e  e l e c t r o d e ,  w i t h  t h e  cadmium hydroxide ,  t h e  mobile 
volume of  cadmium hydroxide is 30.6 c u b i c  c e n t i m e t e r s .  The 
mabile  volume of  cadmium i s  13.0, and so t h e  change i n  t h e  
mobile  volume i s  17.6 c u b i c  c e n t i m e t e r s .  

14e a r e  n o t  on ly  g e n e r a t i n g  t h e  w a t e r ,  a s  shown 
i n  t h e  n e x t  r e a c t i o n ,  b u t  w e  a r e  d i l u t i n g  e l e c t r o l y t e ,  and 
when you d i l u t e  e l e c t r o l y t e ,  i n j e c t  wa te r  i n t o  34 p e r c e n t  
KOH, it d o e s n ' t  g i v e  you o m  mil l i l i ter  volume change f o r  
one gram. 

W e  wanted t o  e s t i m a t e  what t h e  p o s s i b l e  mobile 
volume of  wa te r  would be when d i l u t e d  i n t o  t h e  e l e c t r o l y t e ,  
and s o  w e  went t o  t h e  l i t e r a t u r e  and w e  p u l l e d  o u t  some 
d a t a  f o r  34 p e r c e n t  and 3 3  p e r c e n t  e l e c t r o l y t e .  

The composi t ions  are i n d i c a t e d .  We have t aken  one 
l i t e r  i n  bo th  c a s e s .  We now assume t h a t  we a r e  going t o  i 

I 



i n j e c t  w a t e r  i n t o  a 34 p e r c e n t  s o l u t i o n  o f  KOii ,  SO w e  s t a r t  
o f f  w i t h  t h e  i i n n l v t i c a l  v a l u e  and w e  a r c e y o i n y  t o  make up 
a h y p o t h e t i c a l  s o l u t i o n ,  33 p e r c e n t  KOli and  r e t a i n  t h e  same 
mass ,  so t h i s  i s  c o n s t a n t ,  t h e  p a s s  o f  p o t a s s i u m  h y d r o s i d e ,  
and  t h e  q u e s t i o n  i s  how much w a t e r  must be  added t o  t h i s  
t o  d i l u t e .  

And when w e  f i n i s h  t h e  c a l c u l a t i o n ,  w e  f i n d  
t h a t  t h e r e  i s  a mass change o f  40.5  grams and  a  volume 
change of  38.7,  ~o t h a t  t h c  e f f e c t i v e  d e n s i t y  of  t h e  
water, when go ing  i n t o  d i l u t i o n , i s  1 .04 ,  and i f  w e  r a i s e  
t h i s  a  l i t t l e ,  we w i l l  f i n d  t h a t  t h e  p a r t i a l  mo la l  volume 
of water i s  1 7 . 3  c u b i c  c e n t i m e t e r s .  

The p o i n t  i s  t h a t  w h i l e  w e  a r e  g e n e r a t i n g  lf2 
grams o f  w a t e r ,  c r e a t i n g  a volume o f  17.6 c u b i c  c e n t i m e t e r s ,  

f o r  it t o  e n t e r  i n  t h e  n e g a t i v e  e l e c t r o d e ,  t h e  a c t u a l  
volume of w a t e r  i s  17 .3 ,  s o  t h a t  t h e r e  i s  a s l i g h t  d r y i n g  
o u t ,  so s l i g h t  t h a t  w e  c a n ' t  a c c o u n t  f u l l y  for t h e  d e c r e a s e  
i n  p r e s s u r e  as t h e  s t a t e  o f  c h a r g e  w a s  r e a c h e d ,  b u t  t h i s  
does  show t h a t  t h e r e  i s  a t endency  i n  t h a t  d i r e c t i o n .  

So I a m  assuming t h a t  t h e r e  i s  some o t h e r  
mechanism t h a t  i s  go ing  on i n a d d i t i o n  t o  t h e  o p e n i ~ g  of  
t h e  p o r o s i t y  o f  t h e  n e g a t i v e  e l e c t r o d e .  

N O W ,  t h i s  k i n d  o f  e x p l a n a t i o n  a l l o w s  us  t o  see 
a c o m p a t i b i l i t y  w i t h  Von Doren ' s  e q u a t i o n  p r e s e n t e d  a t  t h e  
Power S o u r c e s  Confe rence  i n  1959 ,  and w i t h  some e a r l i e r  
k i n e t i c  measurements ,  i n d i c a t i n g  a p i . e s su re  decay  dependence 
on  t h e  z e r o  o r d e r  on t h e  s t a t e  o f  c h a r g e  o f  t h e  n e g a t i v e  
e l e c t r o d e .  

With t h i s  as a background,  w e  c a n  go i n t o  
T u r n e r ' s  h y s t e r e s i s .  The p u r p o s e  o f  t h e  j u s t  p r e v i o u s  
d i s c u s s i o n  was t o  set che  s t a g e  f o r  e x p l a i n i n g  t h e  
h y s t e r e s i s  o b s e r v e d  by T u r n e r ,  which i s  shown i n  t h e  n e x t  
f i g u r e .  

May I have  t h e  n e x t  s l i d e ?  

Now t h e  e x p l a n a t i o n  t h a t  I had g i v e n  ear l ie r  
a b o u t  b e i n g  a b l e  t o  change t h e  s t a t e  o f  c h a r g e  o f  t h e  
e l e c t r o d e  by 
cu rve .  T h i s  
r a t io  and  up 
of t h e  s ta te  

s i n t e r i n g  o u t  oxygen i s  shown i n  t h e  upper  
was two t e n t h s  o f  a n  ampere h o u r  c h a r g e  
h e r e ,  I b e l i e v e  it was 1.5. H e  t ook  a r a t i o  i 
of c h a r g e  o f  t h e  n e g a t i v e  t o  p o s i t i v e  I 
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c a p a c i t y  and expressed h i e  d a t a  i n  t e r n s  9f  t h a t  charge 
r a t i o ,  and t h c  s t e a d y  s t a t e  p r e s s u r e s  a r e  on t h c  o r d i n a t e  
b u t  I f  he  vented  o u t  oxygen,  which t h c  s e q u e n t i a l  v e n t i n g  
o u t  i n c r c E s e d  t h e  s t a t e  o f  c h a r g e  o f  t h e  n c y a t i v c  
e l e c t r o d e ,  and t h e n  he backed up and a s  he  obse rved  t h e  
h y s t e r e s i s ,  t h e y  do n o t  fol low t h e  same c u r v e t t h a t  t h e r c  
i s  a d i f  f e r c n c e  between them. 

W e l l ,  t h e  f i r s t  p l o t ,  where I was d e a l i n g  w i t h  
t h e  e f f e c t ,  t h a t  s m a l l  e f f e c t  o f  hav ing  t h r e e  t e n t h s  o f  
a c u b i c  cen t in i e r  r e s i d u a l  v o i d  d i m i n i s h i n g  t h e  e f f e c t i v e  
amount o f  e l e c t r o l y t e  i n  t h e  s e p a r a t o r  h e l p s  p a r t l y  t o  
e x p l a i n  f o r  t h e  s l o p e .  

The o t h e r  p a r t  would be t h a t  as  t h i s  i s  g o i n g  
o n ,  a s  you a r e  c y c l i n g  i t ,  t h e r e  i s  an exchange o f  a i r  
i n  t h e  e l e c t r o d e ,  o f  t h e  n i t r o g e n  i n  t h e  e l e c t r o d e ,  i n t o  
t h e  a t n o s p h e r e  o f  t h e  c e l l ,  which ilc t h e n  v e n t s  o f f ,  and 
w i t h  t h a t ,  h e  e s s e n t i a l l y  h a s  less  e l e c t r o l y t e  i n  t h e  
ce l l  and he w i l l  f o l l o w  t h e  lower  c u r v e ,  so t h a t  t h e  
amount of e l e c t r o l y t e  between t h e  two sets o f  e lec t rodes  
are d i f f e r e n t  t h e r e ,  it i s  s e q u e n t i a l l y  d e c r e a s i n g  a s  it 
i s  go ing  t i n e w i s e ,  down t h e  scale,  r e v e r s i n g  and t h e n  corning 
back .  

And, a g a i n  t o  t a k e  a q u o t e  from T u r n e r ,  on 
page  316 o f  t k P o w e r  Sources  Conference  -- pardon  m e ,  o f  
t h e  J o u r n a l  o f  E l e c t r o c h e m i c a l  Technology,  he n o t e s ,  and 
I q u o t e :  

" A t  times one  f i n d s  t h a t  oxygen r ecombina t ion  
improvas w i t h  t i m e  a s  some cel ls  are c o n t i n u o u s l y  ove r -  
cha rged  a£  ter  c y c l i n g .  '! 

So I g u e s s  w e  c a n  summarize. Now, w h i l e  t h e r c  
a r e  s e v e r a l  mechanisms a c c o u n t i n g  f o r  r e d i s t r i b u t i o n ,  one  
i s  concerned  w i t h  a i r  en t r apmen t  a t  t h e  t i m e  o f  f i l l i n g  o f  
t h e  ce l l s ,  and t h e  e v i d e n c e  was p r e s e n t e d  f o r  measurements 
o f  1 3  c u b i c  c e n t i m e t e r s  o f  a i r  t h a t  was e n t r a p p e d  i n  ce l l s  
t h a t  were f i l l e d  and p r e c h a r g e d  i n  t h e  u s u a l  manner a s  
corilpared t o  f l o o d e d  cells p recha rged  i n  an  i lnusual  manner. 

Now by assuming s u c h  a  mechanism, s e v e r a l  q u e s t i o n s  
t h a t  have been  answered less t h a n  s a t i s f a c t o r i l y  were now 
e x p l a i n e d  a g a i n ,  i n  p a r t  or f u l l y ,  w i t h  t h i s  a i r  en t r apmen t  
mechanism. 

Now n i t r o g e n  is  e x p e c t e d  t o  b e  found i n  cel ls  
if t h e r e  is ,  indeed ,  a i r  e n t r a p m e n t ,  and NAD Crane  a n a l y s t s  

i 

f i n d  more n i t r o g e n  i n  t h e  c e l l  t h a n  c o u l d  b e  r e a s o n a b l y  
i 



exp la ined  by errors i n  sampling. 

The e l e c t r o l y t e  r e d i s t r i b u t i o n  appears  t o  
account  f o r  t h e  unexpected exp los ion  t h a t  occurred  i n  t h e  
ce l l  a t  Crane, w i t h  t h e  scavenger  e l e c t r o d e ,  a s  w e l l  as 
f o r  a l o s s  of s e n s i t i v i t y  of t h e  oxygen s e n s i n g  e l e c t r o 2 e s .  

The e l e c t r o l y t e  r e d i s t r i b u t i o n ,  i n  p a r t ,  can 
account  f o r  t h e  h y s t e r e s i s  e f f e c t  d i scovered  by Turner .  

Now, by p r e s e n t i n g  an  a i r  entropment o r  
p reven t ing  a n  a i r  entrapment  on f i l l i n g ,  n o t  on ly  may t h e  
problems t h a t  are a consequence o f  t h e  e l e c t r o l y t e  
migra t ion  be  avoided,  b u t  a n a t u r a l  t r a n s i t i o n  could  be 
made t o  polypropylene s e p a r a t o r s .  

Thank you. 

(Applause. 1 

HENNIGAN: Now,  3 3  w e  have any q u e s t i o n s  f o r  
Harvey S e i g e r .  

Q u e s t i o n  r i g h t  t h e r e .  

QUESTION: You speak of  a i r  ent rapment ,  is  
t h a t  a t  t h e  vacuum f i l l i n g ?  

S E I G E R :  Yes. 

IIENNIGAIJ : Any f u r t h e x  q u e s t i o n s ?  There i s  one 
r i g h t  here .  

PATIL: .Arvind P a t i l ,  from W. R. Grace. 

I f  t h e  a i r  entrapment  mechanism is  r i g h t ,  t h e n  
s h o u l d n ' t  w e  expec t  s i m i l a r  k ind  o f  drawing i n  nylon 
s e p a r a t o r s ?  

S E I G E R :  But you have it. Tom Hennigan's 
second s l i d e  showed t h a t  t h e  mass of  m a t e r i a l  i n  t h e  
s e p a r a t o r  d o e s n ' t  dec rease  w i t h  c y c l i n g ,  and I t h i n k  it 
was J e r r y  H a l p e r t  t h a t  f i r s t  found t h e  e l e c t r o l y t e  
r e d i s t r i b u t i o n  and t h o s e  were i n  cells w i t h  nylon. 

PATIL: NO, b u t  t h e  i n t e n s i t y  o f  d r y i n g  i n  
nylon i s  much less compared to  t h a t  of t h e  polypropylene.  
How would you account  f o r  t h a t ?  



SEIGEK: One o f  t h e  reasons  f o r  t h a t  cou ld  
be t h a t  t h e  nylons  are u s u a l l y  t h i c k e r ,  absorb  more 
e l e c t r o l y t e ,  and you s t a r t  w i t h  more. 

HEMNIGAI?: W e  have a n o t h e r  q u e s t i o n  i n  t h e  
back o f  t h e  room, 

HAAS: Hass, P h i l c o  Ford. 

I have noted  on a vacuum gauge f o r  cel ls  w i t h  
a gauge assembly,  l e t ' s  s a y  a f t e r  s i x  months of  
o p e r a t i o n ,  we n o t e  t h a t  w e  s t i l l  have a good vacuum i n  
t h e  c e l l  and t h a t  we h a v e n ' t  n o t i c e d  a change i n  t h e  p r e s s u r e .  

d u r i n g  t h e  

p l a t e  very  

What would be t h e  reason  f o r  t h i s ?  

SEIGER: P o s s i b l y  -- it might  p o s s i b l y  be t h a t  
t h e  r a t e  a t  which t h i s  t r a n s f e r  o c c u r s  depends upon t h e  
use  of  t h e  c e l l .  I b e l i e v e  t h a t  cells i n  synchronous o r b i t  do  
n o t  show t h e  same e x t e n t  as cel ls  t h a t  a r e  i n  e a r t h  o r b i t ,  
and when one compares, s a y ,  one y e a r  of  c y c l i n g  d a t a ,  w e  a r e  
p u l l i n g  o u t  -- oh,  I d i d  a c a l c u l a t i o n  a t  a n  average  40 
p e r c e n t  depth o f  d i s c h a r g e  -- w e  are p u l l i n g  o u t  something 
c l o s e  t o  40,000 ampere hours  from 20 ampere hour  cells 
t h a t  a r c  c y c l e d  w i t h  low e a r t h  a t  40 p e r c e n t  depth  o f  
d i s c h a r g e ,  w e  w i l l  have something i n  t h e  o r d e r  o f  1200 
ampere hours on a synchronous averag ing  40 p e r c e n t  d e p t h  t 

synchronous p e r i o d s .  

HENNIGAN: Bob S t e i n h a u e r .  

STEINHAUER: Yes. Harvey, t w o  t h i n g s .  

One, you d i scoun ted  t h e  c o r r o s i o n  o f  t h e  p o s i t i v e  
l i g h t l y ,  and do you have reason  to  do so. i 

i 
And, second,  do you have reason  to  b e l i e v e  t h i s  I 

a i r  i s  en t rapped  i n  a p a r t i c u l a r  l o c a t i o n  i n  t h e  cell? 

SEIGER: L e t  m e  answer t h e  second q u e s t i o n  f i r s t .  

I b e l i e v e  t h a t  it is en t rapped  i n  the ncgative I 
i 

e l e c t r o d e .  I have some p r e l i m i n a r y  d a t a .  The reason  I , 
d i d n ' t  p r e s e n t  t h e s e  d a t a  was becauso o f  t h e  way t h a t  they ! 
were taken .  It i s  o n l y  i n d i v i d u a l  e l e c t r o d e s ,  and w i t h  i 
t h i s  t y p e  o f  exper imenta l  m a t e r i a l ,  we s h o u l d  have a s i g n i f -  
i c a n t  number, s a y  10 or 20 e l e c t r o d e s ,  and t h e n  do a 
comparison and a c t u a l l y  treat such d a t a  statistically. 



It i s  a l i t t l e  d i f f i c u l t  t o  s ce ,bu t  I have 
t h e  pickup of 30 percen t  KOH,  i n  grams of 30 percen t  KOH 
per  gram of e l ec t rode ,  and i f  o m  merely immerses the  
p o s i t i v e  and tho negat ive  e l ec t rode  i n  e l e c t r o l y t e ,  they  
both pick up -- 

Could you c l a r i f y  t h a t  a l i t t l e ?  Okay. 
. 

We f i n d  t h a t  t h e  p o s i t i v e  e l e c t r o d e s  on simple 
emersion w i l l  pick up .I27 grams of KOH pe r  gram of 
e l ec t rode .  

I f  w e  then p u l l  a vacuum on i t ,  and t h i s  
happens t o  be the  same e l e c t r o d e ,  w e  g e t  .15 grams. 

Now, i f  w e  t a k e  another  e l ec t rode  and p u l l  a 
vacuum f i r s t ,  and then int roduce t h e  e l e c t r o l y t e  while 
it i s  i n  vacuum, you n o t i c e  t h a t  w e  have .143, which 
is  p r e t t y  good i n  doing t h a t ,  and t h a t  i s  why w e  ueed 
more d a t a  t o  show whether t h e r e  a r e  d i f f e r e n c e s  and where 
they occcr.  

On t h e  negat ives ,  however, w e  s t a r t  wi th  .086,  
then w e  in t roduce  if: i n t o  vacuuin, and t h e r e  i s  an increase .  

Now I a c t u a l l y  used more vaccum t o  g e t  t h i s  
number than would be used i n  t he  cell. 

And then w e  took another  negat ive  e l e c t r o d e ,  
evacuated it f i r s t ,  and w e  f i n d  t h a t  we s t r i k e  up much 
more e l e c t r o l y t e .  

W e l l ,  I took an average between these  numbers 
and compared it t o  t h a t  and d i d  a c a l c u l a t i o n ,  and I come 
up wi th  10.5 CCs ,  due t o  t h e  way it was impregnated wi th  
e l e c t r o l y t e ,  and then I wondered, gee,  w1:exe a r e  t h e  
o t h e r  two and a ha l f  CCs, and I remembered I precharged 
these  cells about 6 ampere hours. 

So wi th  the 6 ampere hour precharge,  i f  you remember 
some earlier numbers t h a t  w e  had up t h e r e ,  the e l e c t r o l y t e  
volume o r  void space would be increased  another  2 milliliters 
by t h e  6 ampere hours o f  precharge. 

So, evon moving t h i s  way, wi th  such prel iminary 
d a t a ,  it kind o f  confirms t h a t  now t h e r e  are t h r e e  ways 
i n  which we a r e  coming t o  t h e  same number, about 1 3  
milliliters of  a i r  entrapped.  

What w s s  the other question, Bob? 



STEINHAUER: Corrosion mechanism. 

SEIGaR: The cor ros ion  rnechanis~d was t h e  p a r t  
t h a t  I had l e f t  o u t  of t h i s  p resen ta t ion  t o  keep it down 
t o  a ha l f  hour, and I happen t o  have t h r e e  s l i d e s  and I 
th ink  I would need about another  10 o r  15  minutes. 

HENNIGAN: Okay, do you want t o  make it 10. 

SEIGER: I have t h r e e  s l i d e s ,  t h r e e  more 
viewgraphs. L e t  m e  g e t  them. 

of cor ros ion  t h a t  occurs i n  t h e  cel l ,  because we see  it 
becoming black.  

F i r s t ,  w e  know t h a t  t h e r e  has t o  be some kind 

Now, le t ' s  exp la in  t h e  corrosion.  So we are 
r e a l l y  working here  w i th  what is known i n  l o g i c  as a 
method of r educ t io  ad absurdurn, i n  which w e  are going t o  assume 
there t h e r e  i s  cor ros ion  going on, and l e t ' s  s u b s t a n t i a t e  it. 

Okay. W e  t a k e  n i c k e l ,  and t h i s  is a very 
un l ike ly  mechanism f o r  it t o  occur ,  i n  rep lac ing  hydrogen, 
w e  do n o t  g e t  such a displacement r eac t ion .  Therm~dyr~amics 
says  it doesn ' t ,  bu t  w e  w i l l  cont inue anyway, because 
after w e  g e t  t h i s  n ickelous  hydroxide, w e  charge it up 
and we iind t h a t  w e  need cadmium t o  charge it, and we wind 
up wi th  hydrogen form, wi th ,  l e t ' s  assume, one ampere hour 
o f  n i c k e l  hydroxide, t h a t  w e  can now measure, which would 
be an  inc rease  of capaci ty .  

And w e  wind up wi th  more -- with  fou r  ampere 
hours of cadmium and ou r  comment is t h a t  t h i s  mechanism 
r e q u i r e s  one ampere hour nega t ive  charge f o r  one ampere 
hour i nc rease  t o  the co r ros ion ,  and, t h i s  hydrogen. 

Okay, now so w e  have a set task .  What do we 
do wi th  t h e  hydrogen, i f  such a t h i n g  comes on? 

So we asaume aga in  82 milliliters of g a s  void 
volume, t h a t  is  150 p s i ,  w e  would know t h a t .  Gas l eak  
rate, I c a n ' t  t h ink  of any p a r t i c u l a r  meghanism f o r  it 
t o  come out .  I would have t o  relate it to  t h e  helium leak  
rate, and it would be 1.4 times t h e  he l ium leak  rate, 
which is n e g l i g i b l e ,  and the re fo re ,  t h e  hydrogen is stil l  
neg l ig ib l e .  

Okay. How else can w e  g e t  r i d  of hydrogen i n  
the cell? Let it reduce to cadmium. But i f  we reduce 
cadmium and then add this reactioa to that one, we cow 



up w i t h  an o v e r a l l  t h a t  says 3 ampere hour i nc rease  i n  t h e  
negat ive  s t a t e  of charge f o r  each ampere hour i nc rease  i n  t h e  
p o s i t i v e .  

Now, i f  we do t h e  same w i t h  t h e  n i cke l  oxide 
reduc t ion ,  we wind up with  aga in ,  wi th  t h i s ,  which may be 
occurr ing a t  a slow rate,  repor ted something on t h i s  
n i c k e l  hydrogen t h a t  i nd i ca t ed  t h a t  t h i s  r e a c t i o n  is  
probably going on, t h a t  there i s  a se l f -d i scharge  i n  t h e  
system, and i f  t h i s  is going on,  then w e  can consume 
hydrogentand here  i s  our  o v e r a l l  reac t ion .  

(S l ide  19.) 

And aga in  w e  note  t h a t  t h e r e  is a 3 snaere  
hour i nc rease  i n  t h e  negat ive  s t a t e  of charge i o r  each 
ampere hour i nc rease  i n  t h e  p o s i t i v e  capac i ty .  

L e t ' s  remember t h a t  and go on t o  our  nex t  
mechanism f o r  corrosion.  

And t h i s  is t h e  one t h a t  I p r e f e r .  I th ink  
t h i s  i s  t h e  one t h a t  is  respons ib le  f o r  t h e  blackening 
of  t h e  t a b s .  i n  which you are e l e c t r o l y t i c a l l y  ox id iz ing  
n i c k e l  d l .  : ; ly  up t o  t h e  n i cke l  hydroxide f r e e  e l e c t r o n  
change, and t h e  cadmium has t o  go along. That  i s  t h e  source  
of  t h e  e l e c t r o n  f o r  it to  go on,  and w e  wind up again  
w i th  t h e  n e t  r e a c t i o n  t h a t  s a y s  t h a t  t h e r e  i s  a 3 ampere 
hour i nc rease  i n  t h e  nega t ive  s tate of charge for each 
ampere hour i nc rease  i n  t h e  p o s i t i v e  capac i ty ,  so now 
w e  have a b e a u t i f u l  test f o r  corrosion.  

E i t h e r  w e  are going t o  have hydrogen i n  t h e  cell,  
and we know t h a t  w e  d o n ' t ,  s o  we  can r u l e  t h a t  o u t ,  or w e  
are going t o  have, t o  f i n d  t h a t  t h e  precharge i n  the 
nega t ive  has increased  3 ampere hours f o r  each ampere hour 
i nc rease  i n  t h e  p o s i t i v e  e l e c t r o d e ,  and wi th  t h a t  k ind  of 
informat ion,  w e  can go i n t o  t h e  l i t e r a t u r e  aga in  and see 
what kind of  d a t a  have been repor ted ,  and I go to a r e p o r t  
wi th  TRW back i n  1969, i n  which, dur ing  an experiment, 
6 cells were destroyed before  and a f t e r  a cyc l ing  regime, 
and it was dur ing t h e  cyc l ing  regime t h a t  the capac i ty  of  
t h e  cells increased.  

May I have the last  rrlide, p lease?  





I n  t he  uppez p a r t  of t h e  s l i d e ,  w e  show t h e  
capac i ty  of t h e  p o s i t i v e  by t h e  b a r  graph, and the  
hatch means it i s  charged. 

The capac i ty  of t h e  negat ive  is shown by t h e  
ad jacen t  ba r  graph. The s t a t e  of charge o f  t h e  negat ive  
e l ec t rode  i s  ind ica t ed  by t h e  cross-hatching,  and these  
a r e  t h e  r e s u l t s  f o r  6 cells,  each one destroyed.  

I t  shows t h e  uniform capac i ty  on t h e  pos i t i ve .  
I t  shows t h e  kind of precharge o n  each of t h e  nega t ives ,  
and then t h e  c e l l s  were cycled through 72 cyc l e s ,  I be l i eve ,  
they were t h a t  type of cyc l inq ,  and af terwards ,  another  ce l l  
from each of  those s i x  groups was dest royed,  and t h e  same 
kind of d a t a  obta ined,  i n  which w e  now show t h e  capac i ty  
of t h e  p o s i t i v e s  t h e  same way, b u t  you can see that there 
i s  a d e f i n i t e  i nc rease  of  capac i ty  i n  t h e  p o s i t i v e  
e l ec t rodes .  

And t h e  precharge,  i f  you look,  remains p r e t t y  
much t h e  same. A more q u a n t i t a t i v e  look a t  such d a t a  
shows t h a t  t h e r e  is, indeed,  a one t o  one r e l a t i o n s h i p ,  
t h a t  when t h e  p o s i t i v e  e l e c t r o d e s  increased  i n  t h i s  
experiment by one ampere hour,  t h e  negat ive  s tate of  charge 
increased one ampere hour,  which is no t  c o n s i s t e n t  wi th  
t h e  cor ros ion  mechanism. 

So I r e j e c t  the co r ros ion  mechanism based on 
t h i s  evidence,  

HENNIGAN: Do w e  have any more f u r t h e r  ques t ions  
of  Harvey. Maybe towards t h e  end of t h e  s e s s ion  t h i s  
morning we can have any bother qyes t ions  you come up; w e  w i l l  
save a l i t t l e  time f o r  ques t ions  then,  t h a t  you could ask 
any o f  t h e  speakers.  

We have one here .  Aaron Fisher .  

FISHEB: Fi she r ,  Goddard. 

I not iced  before  you answered a ques t ion  t h a t  
you have entrapment even a f t e r  vaccum f i l l ,  so what is  the 
pre fe r r ed  method now to  avoid entrapment? 

SEIGER: That is l i k e  asking awr how I do it. 

(Laughter. ) 

There i~ a way of  g e t t i n g  it out, 



FISHER: Okay. 

here  f o r  
VOICE: Tom, X th ink  s i n c e  t h e  cof feg  has been 

a while, we should go ahead and t ake  a break. 

HENNIGAN: Yes, okay. I was j u s t  go i r~g  te' 
mention,too, t h a t  we a r e  going t o  e a t  lunch l a t e  today,  
1:00 o ' c lock ,  because of t h e  s e v e r a l  o t h e r  meetings t h a t  
are going on here. 

(Recess. 

HALPERT: Gentlemen, could w e  p l ea se  take  ou r  
s e a t s .  

I f  you are planning t o  speak, e i t h e r  t h i s  
af ternoon or tomorrow inorning i n  Floyd's  s e s s ion ,  t h i s  
af ternoon i n  my segsion CY tomorrow i n  Floyd 's ,  would p . , ~  
please  make s u r e  t h a t  you c h a t  wi th  us sometime dur ing the  
day, and w e  have some t h r e e  by f i v e  cards w e  would l i k e  
you t o  f i l l  o u t  wi th  your name and t i t l e ,  so w e  make s u r e  
w e  inc lude  you. So, p l ea se ,  sometime dur ing the  day, see 
e i t h e r  one of us  and t e l l  us about your s l i d e  requirements,  
i f  t h e r e  a r e  any. 

A t  t h i s  t i m e ,  be fore  w e  continue wi th  the 
s e p a r a t o r  s e c t i o n ,  Floyd Ford of Goddard has made up a 
survey,  which d i scusses  both  t h e  b a t t e r y  spec ,  one survey 
f o r  t h e  b a t t e r y  spec  and one f o r  s to rage ,  and he is going 
to  b r i e f l y  desc r ibe  them, they are being handed o u t  a t  
t h i s  t i m e ,  and w e  would l i k e  t o  habe them f i l l e d  o u t  
sometime today and re turned ,  s o  t h a t  w e  can t a b u l a t e  them 
and p re sen t  them f o r  your own i n t e r e s t  tomorrow morning. 

A t  t h i s . . po in t  I w i l l  t u r n  it over t o  Floyd 
Ford, who w i l l  de sc r ibe  t h e  two surveys. 

FORD: Well, t h i s  year  we decided wa would 
t r y  something a l i t t l e  b i t  d i f f e r e n t .  It is  always nf-8 
to have a l i t t l e  v a r i e t y  i n  any meeting, and w e  are t L y i n j  
to feel o u t  y o u , - a s  the manufacturers,  you, as the U s e r ,  
what you th ink  about some of t h e  p r o b l e m  t h a t  we are now 
involved with.  

There a r e  two a r e a s  t h a t  we are d i s t r i b u t i n g  
the survey,  one is on utoraqe, s.nd we are t r y i n g  to 
determine experience,  the var iow exper iences  in the 
i ndus t ry ,  with the s t o r a g e  of cells. 



Now I r e a l i z e  t h a t  t h e r e  are many, many 
ques t ions  t h a t  we a l l  have, b u t  w e  cou ldn ' t  poss ib ly  pu t  
t he se  down on a s i n g l e  survey. 

There are those  t h a t  may f e e l  l i k e  they don' t 
have t h e  experience t o  f i l l  t h i s  o u t  o r  would no t  c a r e  
t o  f i l l  it ou t ,  then f e e l  free n o t  t o  do so.  

I w i l l  po in t  o u t  we have not  asked f o r  names, 
of  i nd iv idua l s  or t h e  company t h a t  you work f o r ,  because 
we  r e a l l y  don ' t  f e e l  l i k e  t h a t  i s  important  i n  t h e  
information w e  are looking fo r .  Iiowever, i f  you care t o  
pu t  your name on it, o r  your company, t h a t  is your 
choice,  and w e  would app rec i a t e  it i f  you do, bu t  t h e r e  
is no o b l i g a t i o n  to  do so. 

P a r t i c u l a r l y  i n  t h e  area o f  s p e c i f i c a t i o n s ,  
w e  are c u r r e n t l y  r e v i s i n g  t h e  Goddard vers ion  of the .  i n t e r im  

model spec  t h a t  came o u t  a few yea r s  ago, t h a t  
a c t u a l l y  evolved form t h i s  type of meeting. 

I would l i k e  s e r i o u s  c r i t i q u e s ,  s e r i o u s  
comments, and good sugges t ions  from YOU, because I can 
assure  you that t h e  i npu t s  w e  get on t h i s  document, pro 
or con, w i l l  be given every cons idera t ion  i n  t h e  f i n a l  
r ev i s ion  of  this s p e c i f i c a t i o n .  

So I w i l l  state p a r t i c u l a r l y  t o  t'e manufactuers, 
here  is a chance to  g e t  back a t  us ,  s o  l e t  us have it. 

Thank you. 

HALPERT: Okay. Thank YOU, Floyd, and we w i l l  
t u r n  t h e  meeting naw back t o  Tom. 

One suggest ion p l ea se ,  f o r  the speakers ,  wear 
t h i s  microphone around your neck and t r y  and speak i n t o  
it r a t h e r  than attay from it. We have had some problems 
with  t h e  ampl i f ica t ion  system, and I th ink  it has  been 
ad jus ted  proper ly  now. 

HENNIGAN: Our nex t  t w o  speakers  this morning 
w i l l  be from b a t t e r y  companies, Eagle-Picher and General 
P l e c t r i c ,  who would l i k e  to  go over  some of t h e i r  data 
on s eplrators and what types  of  s epa ra to r s  they are 
looking at.  

Our f i r s t  speak is Earl Carreof Eagle-Picher. 

Is Earl here? 



CARR: Tom asked m e  t o  say i n  f i v e  minutes about 
t h e  types  of c e l l s  t h a t  w e  are bu i ld ing ,  wi th  d i f f e r e n t  
s epa ra to r s ,  s o  I j u s t  want t o  g ive  a b r i e f  h i s t o r y  o f ,  l e t ' s  
say ,  nylon versus  polypropylene. 

W e  s t a r t e d  o u t  wi th  looking a t  cel ls  wi th  non- 
woven polypropylene approximately t e n  years  ago, and a 
few yea r s  before  t h a t  w e  s t a r t e d  working with  t h e  nonwoven 
nylon separa tors .  

The f i r s t  cells tha t .we  b u i l t  wi th  polypropylene 
w e r e  f o r  a designed experiment and an 8 ampere hour s ea l ed  
cell. 

In genera l ,  t h e  conclusions  of  t h i s  designed 
experiment w e r e  t h a t  w e  had more recombination c a p a b i l i t y  w i th  
t h e  polypropylene, s l i g h t l y  lower capac i ty ,  b u t  improved 
charge r e t en t ion .  

A couple of yea r s  following t h a t ,  w e  designed a 
l i n e  of  s i x  d i f f e r e n t  s ea l ed  cells from three and a h a l f  
t o  36 ampere h o ~ r s ,  i n  which w e  used a two-layer s e p a r a t o r  
des ign.  

T h i s  i s  somewhat unique, I th ink ,  and what t h e  
th ink ing  was a t  t h e  t i m e  was t h a t  w e  would use  t h e  poly- 
propylene f o r  its p a r t i c u l a r  c h a r a c t e r i s t i c s ,  i n  o t h e r  
words, ox ida t ion  r e s i s t a n c e  and its long- l i f e  type  
c h a r a c t e r i s t i c s ,  and w e  would use t h e  nylon because of 
i t s  absorpt ion.  

W e  b u i l t  t he se  cells and w e  pu t  them through an 
ex tens ive  series of e l e c t r i c a l  and environmental tests and 
also w e  d i d  over 1000 cyc l e s  a t  60 percen t  depth  o f  d ischarge.  

The d a t a , i n  summary,was t h a t  a f t e r  1000 cyc l e s ,  
w e  measured f u l l  capac i ty  on t h e  cell, and w e  had over 
90 percen t  of its i n i t i a l  capac i ty  t o  one v o l t .  

Now, then ,  the rest of t h e  capac i ty  was probably 
t h e r e ,  bu t  i t  was below one v o l t .  

More r e c e n t l y ,  we provided cells f o r  t h e  work 
t h a t  Tom Hennigm has  repor ted  on t h i s  morning, and I would 
l i k e  t o  show Table 1. 

You have seen t h i s  once' before, so I won't r e a l l y  



elaborzi..c on it, b u t  t h i s  l ists t h e  d i f f e r e n t  ~ e p ~ r a t o r s  
t h a t  were used i n  t he  6 ampere hour c e l l s  and o t h e r  
t reatments  t h a t  they were given. 

These are t h e  c e l l s  t h a t  were cycled f o r  6000 cyc les  
and sub jec ted  t o  t h e  p o s t  morten analyses  as repor ted  by 
Tom Hennigan and D r .  F i sher .  

Now w e  a r e  a l s o  under c o n t r a c t  through NASA- 
Goddard t o  supply a second s e r i e s  of 6 ampere hour 
s epa ra to r  t e s t  c e l l s .  And t h e  s epa ra to r s  t h a t  have been 
t e n t a t i v e l y  s e l e c t e d  f o r  t he se  c e l l s  a r e  shown i n  t h e  
next  s l i d e .  

(S l ide  23.) 

I w i l l  spend a l i t t l e  b i t  more t i m e  here  because ' 

t h e  s e l e c t i o n  of  t h e s e  s epa ra to r s  is based, i n  p a r t ,  on 
t h e  r e s u l t s  of t h e  f i r s t  program. 

The 2505 pelon has  been included,  neces sa r i l y ,  
as a con t ro l .  W e  f e l t  a l s o  t h a t  another  nylon would be 
advantageous t o  t h e  program, s o  w e  have a W. R. Grace 
m a t e r i a l ,  2 ounce p e r  square  yard material. 

l a  t h e  nonwoven polypropylenes, t h e r e  is  
a -- 

Why don ' t  you sl ide t h a t  a l l  t h e  way up, Tom. 

Okay. W e  have f o r  t h e  Hercules, we have two 
d i f f e r e n t  weights. W e  have a 2 ounce p e r  square  yard,  -- 
and let 's  see, I t h i n k  I missed one t h e r e  -- a l s o  t h e  
one and a ha l f  ounce p e r  square  yard is also t o  be 
included i n  t h e  p r o j e c t .  

I am s o r r y ,  t h e r e  is a mistake on t h e  e l i d e ,  
and t h a t  number should be 56, I believe. 

Okay. 

?he two materials t o  be t e s t e d  on the .  Hercules 
are the 2711-55 and 56, wi th  no t reatment ,  and wi th  
a r a d i a t e d  t rea tment  p e r  RAI, t o  improve the 
w e t t a b i l i t y  . 

On Kendall,  we  t e n t a t i v e l y  included XM-1249. On 



W. R. Grace, t h e r e  a r e  t h r e e  v a r i e i t i e s .  This  i s  t h e  one 
and a h a l f  ounce Fcr  square  yard,  and t h e  one ounce pe r  
square  yard of  ma te r i a l .  One r ad i a t ed  -- o r ,  each of 
those  r a d i a t e d  and t h e  h e ~ ~ ~ i e r  m a t e r i a l ,  wi th  a wet t ing  
agent  added t o  t he  m a t e r i a l ,  o r  t o  t h e  cel l ,  a c t u a l l y .  

Then we inc lude  t h e  GAF m a t e r i a l ,  us ing Hercules 
90 a s  a wet t ing  agent ,  and then  t h e  m a t e r i a l  des ignated 
P4212-S, which i s  a r a d i a t e d  WEX 1242. 

Now, i n  Sux ' . :+YO t h e  reason f o r  t h e  s e l e c t i o n  o f  
t h e s e  materials is  because it appears b e n e f i c i a l  t o  have 
a permanent wet t ing  c a p a b i l i t y  f o r  t h e  s epa ra to r s .  I t  has 
been somewhat concluded t h a t  it is advantageous f o r  long 
l i f e  and f o r  minimum cadmium pene t r a t i on  through s e p a r a t o r s  
t o  have a s e p a r a t o r  wi th  a high wet t ing  c a p a b i l i t y .  

That  is  a l l  f o r  t h a t ,  Tom. 

I n  add i t i on  t o  t h e  6 ampere hour programs,we 
are conducting o t h e r  programs and I want t o  s p e c i f i c a l l y  
mention t h e  l a r g e  cel l  work t h a t  we are doing. 

W e  are conducting sepa ra to r  eva lua t ion  t e s t i n g  
on 50 ampere hour n i c k e l  cadmium cells. These cells arc 
very similar t o  those  used i n  A i r  Force c l a s s i f i e d  
s a t e l l i t e s  which are c u r r e n t l y  i n  o r b i t .  

M r .  Marty Gandell o f  Lockheed presented a t a l k  
l a s t  yea r  a t  t h i s  workshop. i n  which he summarized t h e  
r e s u l t s  t o  d a t e  of an  acce l e ra t ed  test program us ing  fou r  
d i f f e r e n t  s epa ra to r s  on 50 ampere hour cells. 

B r i e f l y ,  t h e s e  cells, t h e r e  were fou r  types ,  
t h e r e  were two nylons,  and t h e r e  were two polypropylenes, 
included.  The two nylons were 2505 and 2506. Both used 
t o  be designated ML. 

And we also have the t w o  polypropylenes, which 
a r e  WEX 1242 and FT 2140. 

The cell th inckness  was v a r i e d  t o  o b t a i n  t h e  same 
e l e c t r o d e  spacing.  I t  t u r n s  o u t  t h a t  t h e  2506 thickness 
and the  FT-2140 th i ckness  are e s s e n t i a l l y  t h e  same, bu t  
they are d i f f e r e n t  from 2505 and from WEX 3242, which are 
t h i c k e r  ma te r i a l s .  These l a s t  two are about  t he  e 
thickness .  



So t h e  cells then a r e  e s s e n t i a l l y  two s i z e s ,  
t h e  only d i f ference  being t h e  thickness of t h e  cell, and 
these have been subjected t o  many cycles  i n  an o r b i t  simulation 
accelerated t e s t .  

The t e s t  was accelerated by performing a 45-minute 
o r b i t  ins tead  of a 90-minute o r b i t ,  and thus  doubling t h e  
r a t e s  of c?arge  and discharge i n  order  t o  obtain more 
cycles  i n  a s h o r t e r  period of time. 

The test i s  being conducted a t  40 t o  50 degrees F., 
and a t  t h i s  t i m e  w e  have completed 13,000 cycles  on these  
cells, a t  an 11 percent depth of discharge, and t h e  tests 
are continuing. 

(Slide 24.) 

The next  slide shows a second generation of  
cells of t h i s  type. 

These cells -- t hese  separa tors  a r e  being 
evaluated i n  50 ampere hour cells and some of them are 
a l s o  being evaluated i n  110 ampere hour cells. 

Br ief ly ,  I think most of you a r e  f ami l i a r  with 
the d i f f e r e n t  separators .  I don' t  r e a l l y  have any spec ia l  
words regarding these,  The tests are i n  process. Right 
now we are i n  t h e  e a r l y  s tages.  They have not  been placed 
on cycle  ye t ,  Certain of these  w i l l  be placed on cycle  
to  obta in  f u r t h e r  data, 

I would j u s t  l i k e  to  say i n  closing t h a t  it is 
very d i f f i c u l t  to  select a separa tor  f o r  c e l l a .  The f i r s t  
th ing  i s  t h a t  you can determine t h a t  it w i l l  work i n  the 
cell r a t h e r  e a r l y ,  and t h a t ,  i n  f a c t ,  t h e  r e s i s t ance  of 
t h e  cell is a p r e t t y  good measurement on a new cell, whether 
o r  not  it is going t o  work new. 

D r .  Fisher  pointed o u t  t h a t  there was a change 
of i n t e r n a l  r e s i s t ance  of t h e  cells. I seem t o  remember 
numbers l i k e  from three t o  t e n  milliohma, something l i k e  
t h a t ,  during 6000 cycles  t h a t  he presented earlier. 

The res i s t ance  does appear to  be s i g n i f i c a n t  
measure of whether or not  it is a workable system and then 
once you have that, then, of course, the next  th ing  to Bo i n  
to cycle  test them. 

We have not wme up with a better mura as of thilr 
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4 9  

d a t e  t o  say t h a t  it is  going t o  work f o r  t h r e e  o r  f i v e  yea r s ,  
than t o  test it f o r  t h r e e  t o  f i v e  years .  

W e  have not  y e t  accomplished t h e  acce l e ra t ed  
test t h a t  was requested t h i s  morning i n  our  in t roduc tory  
remarks. 

HENNIGAN: Are there any ques t ions  f o r  E a r l  
Carr? 

W i l l  S co t t .  

SCOTT: S c o t t ,  from TRW. 

Could you t e l l  us how much e l e c t r o l y t e ,  based 
on cell capac i ty ,  w a s  i n  t hese  d i f f e r e n t  50 ampere hour 
cells, t h e  four ,  e s p e c i a l l y  t h e  four  types  t h a t  you gave 
us t h e  da t a  on a l i t t l e  e a r l i e r ?  

CARR: Y e s .  

I don ' t  remember exac t ly  t h e  number. I t  i s  i n  
t h e  neighborhood of  t h r e e  and a ha l f  ampere hours -- 
3.5 CCs p e r  ampere hour. It is no t  any more than 3.5 C C s  
pe r  ampere hour. 

SCOTT: A r e  you saying then  t h a t  you use t h e  
same r a t i o  i n  t h e  polypropylene c e l l s  as you d i d  i n  t h e  
nylon c e l l s ?  

CARR: I don ' t  know. I d o n ' t  remember. 

HENNIGAN: A r e  t h e r e  any more ques t ions  f o r  E a r l  
Carr? 

(Discussion o f f  t h e  record.)  

HENNIGAN: Thank you very much, Ear l .  

Then our  nex t  speaker w i l l  be Guy Rampell, from 
General E l e c t r i c ,  on some of  t h e  s epa ra to r s  t h a t  they a r e  
evaluat ing.  

RAMPELL: We have s t a r t e d  an eva lua t ion  of 
some polypropylene separa tors .  

(S l ide  25. )  

As shown on t h e  f i r s t  slide, we are looking a t  



two Hercules s e p a r a t o r s  of d i f f e r e n t  weights,  p r imar i ly ,  
and two Grace ma te r i a l s .  

I want t o  p o i n t  o u t ,  though, t h a t  t he  Grace 
m a t e r i a l s  were made a t  Esso and those  samples a r e  
l imi ted .  They do no t  r ep re sen t  production a v a i l a b l e  
ma te r i a l .  

The m a t e r i a l s  f o r  t h e  KOH absorp t ion  column 
were dons by vacuum impregnation, i r r e s p e c t i v e  of whether 
o r  no t  t h e  ma te r i a l  had wet t ing  p r o p e r t i e s .  I 

I n  t h e  case  of polypropylenes,  w e  used vacuum 
impregnation. W e  f e e l  t h a t  t h i s  g ives  us a more accura te  
percentage of absorpt ion.  

The technique beyond t h a t  is t o  rub o f f  t h e  
l a s t  remaining drops on to  a p l a s t i c  p l a t e  and t h e  r e s u l t s  
seem p r e t t y  reproducible  f o r  l i k e  samples, by t h e  
technique,  providing,  I guess,  i f  you use vacuum. The 
weight is done by a c t u a l  measurement and has no bear ing 
on t h e  c la im weight,  except ,  I w i l l  say one t h i n g ,  perhaps 
t h e  f i g u r e s  n i g h t  be c l o s e r  t o  what is represen ted  by t h e  
manufacturer ,  i f  you condi t ion  t h e  f i b e r  f i r s t  by drying 
o u t  f o r  24 hours oz something of t h a t  s o r t .  W e  d i d n ' t  
do t h a t .  

The th ickness  is given and is  s l i g h t l y  under 
a l i t t l e  b i t  more compression than  you can g e t  on a caddy 
gauge. 

I would l i k e  t o  p o i n t  o u t  t h a t  t h e  KOH 
absorp t ion  i s  inf luenced by type of wet t ing  agents ,  by 
f i b e r  diameter,  by f i b e r  dens i ty ,  and s o  it i s  p r e t t y  
r e l a t i v e  t o  those  condi t ions ,  and has t o  be taken i n t o  
account when you eva lua t e  s e p a r a t o r s ,  j u s t  exac t ly  what 
a r e  t h e  a d d i t i v e s  i n  o r  on t h e  f i b e r s ,  and t h e  percentage 
of a d d i t i v e s  and contaminants. 

A s i d e  from t h e  e l e c t r o l y t e  d i s t r i b u t i o n  
mechanism t h a t  w e  heard about  t h i s  morning, I would l i k e  
t o  p o i n t  o u t  another  phenomena t h a t  is  a well-known 
phenomena, bu t  I would l i k e  t o  b r ing  it to  our  a t t e n t i o n ,  
and t h a t  i s  t h a t  t h e r e  i s  e l e c t r o l y t e  movement wi th  every 
cyc le .  

A t  t h e  end of  every charge,  for exeuni,le, t h e  
e l e c t r o l y t e  moves i n t o  t h e  s e p a r a t o r  system i n  g r e a t e r  
q u a n t i t i e s  than  a t  o t h e r  times dur ing t h e  cycle, and 
depending upon t h e  i n t e r e l e c t r o d e  d i s t ances ,  t h e  

I 
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compression on the  s e p a r a t o r ,  and t h e  KOli absorp t ion  of 
t h e  s epa ra to r  a t  t h i s  p a r t i c u l a r  t ime,  say cyc l e  0 t o  5 0 ,  
t h e  s epa ra to r  may or may no t  hold a l l  of t h e  e l e c t r o l y t e  
t h a t  comes o u t  of t h e  e l e c t r o d e s  a t  t h e  end of charge. 
I f  i t  does no t  hold it, it w i l l  go i n t o  t h e  f r e e  volume 
spazes i n  t h e  cel l ,  and t h i s  can be a problem wi th  scme 
df t h e  lower absorpt ion sepa ra to r s .  

And, a l s o ,  t h e  KO11 absorpt ion u n i t s  given t h e r e  
can change a s  l i f e  progresses .  The a d d i t i v e s  may o r  may 
no t  be s u b j e c t  t o  movement, t h e  s o l u b i l i t y  i n  t h e  ROH 
may change, they may be oxidized t o  some e x t e n t  by the  
p o s i t i v e  p l a t e  i n  t h e  oxygen atmosphere, s o  those  t h ings  
have t o  be taken i n t o  account,  p a r t i c u l a r l y  e l e c t r o l y t e  
movement and supe r sa tu ra t ion .  

The f i b e r  diameter and t h e  dens i ty  and t h e  
e l e c t r o l y t e  movement a l l  have some e f f e c t  on j u s t  where 
t h e  cadmium migrat ion is going t o  s t ay .  You a r e  going 
t o  g e t  cadmium migrat ion b u t  w e  are t r y i n g  t o  restrict 
it t o  t h e  cadmium s i d e  02 t h e  e l ec t rode .  

I n  genera l ,  t h e  microdiameter f i b e r s  seem t o  
be a better f i l t e r  i n  t h a t  regard.  

I th ink  w e  can go t o  t h e  next  s l i d e ,  now. 

(S l ide  26.) 

This  i s  cyc l ing  o f  those  four  s e p a r a t o r s  i n  
an 8-hour o r b i t .  We call it an acce l e ra t ed  bype of 
cyc l ing  from t h e  a tandpoint  of t h e  case  temperature t h a t  
we  are running i t  at .  We a r e  running it a t  30 degrees  
cen t ig rade  and 70 percen t  depth of d i scharge ,  a six-hour 
charge, two-hour discharge.  

The end of dEsohakge vo l t age  is given on t h e  
v e r t i c a l  a x i s ,  and i f  you raise it j u s t  a l i t t l e  b i t ,  Tom, 
we have t h e  number of  c y c l e s  to date. 

There a ren ' t .  very many cyc les .  The test has  
r e a l l y  j u s t  commenced i n  t h e  last two or t h r e e  months, 
and, w e  are n o t  drawing any conclusions  from t h e  test 
a t  t h i s  p a r t i c u l a r  t i m e ,  because, f o r  one th ing ,  t h e r e  may 
be c rossovers  on t h e  var ious  s epa ra to r s  later  on,  and we 
c e r t a i n l y  expect  some p la teau ing ,  a l eo ,  and then  we w i l l  
look a t  the var ious  parameters and f a i l u r e  mechanisms and 
degree of  cadmium migrat ion by analyzing the sepa ra to r ,  
the amount of  KOH r e t en t ion .  
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Right a t  t ho  moment, GAF seems to  be producing 
a s l i g h t l y  higher  vol tage wi th  t h e  Hercules s epa ra to r ,  
r i g h t  c l o s e  t o  it, t h e  Grace ma te r i a l s  are somewhat down 
a t  t h e  moment. 

The cells a r e  6 amp hour cells, and, a s  I say,  
w e  are r e a l l y  t r y i n g  t o  a c c e l e r a t e  what w e  know about 
cadmium migrat ion,  and t h a t  i s  t o  run it a high temperature,  
wi th  high DODs. 

500 of these  kind of cyc les  would be equiva len t  
to,  I would say ,  t h r e e  t o  fou r  thousand cyc l e s  a t  25 percent  
DOD i n  a 90-minute o r b i t ,  i n  ou r  opinion.  

I th ink  t h & t .  is about it, Tom. 

HENNIGAN: Thank you, Guy. 

Any ques t ions  f o r  Guy 3ampei ? 

Quest ion back the re .  

Steve Gaston, d i d  you haveone? Okay. 

GASTON: Guy, d i d  you have any wet t ing  agents  i n  
thos  polypropylenes? I f  so, what types  were they or did 
you make an a t tempt  t o  wash them out?  I t  wasn' t  t o o  c l e a r  
t o  m e .  

RAMPELr : Steve,  t hose  fibers were a s  received 
and so t h a t  i n  the case of GAF, we are t o l d  wi th  Hercules 
90, some o t h e r  people have t o l d  us  they have analyzed it 
and found it t o  be some T r i t o n  100, s o  I r e a l l y  don't 
know what i s  on t h e  GAF f i b e r .  

I guess I want t o  say that i n  t h e  case  o f  Hercules, 
t h e r e  is a wet t ing  agent  on t h a t  f i b e r  also, and t h e  Grace 

3, I have been t o l d  has  a wet t ing  agent  incorpora ted  
i n  the r e s i n  a t  t h e  t i m e  it is  blown. 

The 48, I be l i eve  has no wet t ing  agent.  

HENN~GAN: Bob Steinhauer .  

STEINHAUER: Are you running -- I recognize  t h i s  
is a high temperature test, b u t  are you running nylon 
c o n t r o l s  a long with t h i s  to show where t h a t  d a t a  would f a l l ?  

RAMPELL: No, I don' t have any c o n t r o l ,  Bob, 
o f  nylon. I was running GAP as a con t ro l .  



STEINHAUER: The reason I b r ing  t h a t  up is 
t h a t  w e  c o l l e c t i v c l y  t h ink  we know the  p r o p e r t i e s  of  
nylon, bu t  when it comes t o  !us t i fying f l i g h t  use of 
polypropylene, it i s  very v a l ~ a b l e  t o  have a p o i n t  of  nylon, 
even though it is  deg rad i ,~g , to  show it  and run it a s  a 
c o n t r o l .  I t  he lps  on these  j u s t i f i c a t i o n s .  

RAMPEL : I th ink  your p o i n t  i s  w e l l  taken. I 
j u s t  d i d n ' t  want t o  run t h e  r i s k  i n  t h i s  series connection,  
I am running these  c e l l s  as a b a t t e r y  and I d i d n ' t  expect  
t h e  nylon t o  l a s t  very long. 

HENNIGAN : Joe ? 

LACKNER: Lackner, Canadian Defense Research. 

There seems to  be some mention by previous  
speakers  of  a c o r r e l a t i o n  between cadmium migratioc and 
t h e  separa tor .  Have you found any c o r r e l a t i o n  between 
t h e  drawing o u t  f o r ' t h s  cadmium migrat ion as a func t ion  
of t h e  s epa ra to r ,  o r  is it a func t ion  o f  t h e  p l a t e ,  and 
how t h e  p l a t e  was made, and is t h e r e  any way of  r e t a r d i n g  
the cadmium migration? 

RAMPEL : Y e s ,  I would respond t o  your l a t te r  
r eques t  f o r  r e t a r d i n g  cadmium migration.  L a s t  year ,  NASA- 
Goddard had a paper showing t h a t  t e f l o n a t e d  nega t ives  would 
retard cadmium migrat ion t o  very,  very s i g n i f i c a n t  e x t e n t s ,  
b u t  I guess t h a t  your real ques t ion  here  today is t h e  
i n f luence  of the s e p a r a t o r  on cadmium m i g r a t i o n ' o r  pos s ib ly  
$he makeup of t h e  p l a t e .  

I th ink  t h a t  cadmium migrat ion can be inf luenced  
by t h e  s e p a r a t o r  t o  the e x t e n t  t o  which t h i s  flow of  
e l e c t r o l y t e  you get  between t h e  end of  charge and d i scharge ,  
t h o  temperature that you are using promotes migration.  The 
depth of discharge promotes migrat ion and t h e  amount of 
e l e c t r o l y t e  i t se l f ,  t h a t  the cadimiunr can d i e so lve  i n t o ,  
and t h e  degree of  movement i n s i d e  or o u t s i d e  the s e p a r a t o r ,  
a l l  has an e f f e c t  on the cadmjma migration.  

HENNIGAN: Vince. 
( Inaudible .  ) 
D'AGOSTINO: The reason I b r ing  this up is we have 

looked a t  a number of polypropylenes and w e  found that they 
had t h e  same absorp t ion  when they were prewashed or when they  
were no t ,  However, any s e p a r a t o r  t h a t  you wash with  
methylene cholorfde,  would have e s r e n t l a l l y  ze ro  wicking 
c h a r a c t e r i u t i c s .  I o d n ' t  know the e f f e c t  of that on batteries. 



d o t  53 
a RAMPEL : We d i d  no t  do any wicking 

experiments, p r imar i ly  because i n  aerospace cells, we 
r e l y  on vacuum impregnation t o  w e t  t h p  s epa ra to r ,  and w e  
r e a l l y  d o n ' t  c a r e i f  i t  t akes  a l l  day f o r  t h e  s epa ra to r  
to  w e t  o r  no t ,  so  long as w e  can w e t  it immediately wi th  
vacuum impregnation. 

\ 
VOICE: The only p o i n t  I am t r y i n g  t o  make is 

t h a t  i f  you see a t r a n s p o r t  of e l e c t r o l y t e  i n  your cell,  
and t h a t  is e s s e n t i a l l y  washing o u t  some o f  your wet t ing  
agent ,  it could,  on a long term, make rewet t ing of  t h e  
s epa ra to r  i t s e l f  r a t h e r  d i f f i c u l t .  

RAMPEL : Right. 

CENNXGAN: J o e l  Bacher. 

BACHER: Bacher, RCA. 

Do you have any s p e c i f i c  e f f e c t s  t o  which - 
- 

d i f f e r e n t  separa tors?  6 you a t t r i b u t e  t h e  d i f f e r ence  i n  vo l tage  l e v e l s  t o  t h e  

RAMPELL: I d i d n ' t  t a k e  t h e  r e s i s t a n c e  of  t h e  
s epa ra to r s ,  J o e l ,  and I th ink  t h e  o t h e r  reason though is  
t h a t  wi th  these d i f f e r e n t  s e p a r a t o r s ,  w e  t r y  t o ,  t h e r e  
may no t  be enough e l e c t r o l y t e  i n  some of t h e  cells. 
Tha t ' s  a p o s s i b i l i t y ,  t o  begin with.  

HENNIGAEJ: That  is  a l l  t h e  ques t ions ,  okay, 
thank you, Guy. 

Joel, I would l i k e  to  answer your ques t ion  
t h e r e ,  on t h e  tests t h a t  *.e ran. A l l  those  cells decay 
i n  vol tage,  I don ' t  c a r e  whether you are using nylon o r  
polypropylene. X t  i s  the usua l  t h ing ,  when we make 
capac i ty  checkc &out every t h r e e  months, w e  b r ing  them 
back up again ,  and so no ma t t e r  whet material w e  have i n  
t h e r e ,  or how much e l e c t r o l y t e ,  they a l l  d i d  t h e  same t h i n g  
t h a t  r e spec t ,  a t  least f o r  t h e  f i r s t  4500 cyc l e s ,  then  w e  
had t roub le s  wi th  some of  t h e  cells. 

They were a l l  about  t h e  same magnitude, too, 
t h a t  was kind of s t r ange .  

I showed eonre of t h a t  d a t a  last year ,  and I 
d i d n ' t  have t h e  time this yea r  to go over it again. 

Lo t ' s  see, our next  speaker  i 8  from TRW, D r .  



Willard S c o t t ,  who has  a few words on sepa ra to r s  a l s o .  

SCOTT: Before t a l k i n g  about what I b a s i c a l l y  
have t o  say,  which is some of  ou r  r ecen t  expezience w l A  
polypropylene s e p a r a t o r s ,  I would l i k a  t o  make a few 
comments on some of t h e  d i scuss ions  t h a t  have none on 
previously.  I havt  saved u p + a  few here ,  t o  l e t  you have 
it a11 a t  once, whi le  I was up here  naw. 

F i r s t  of a l l ,  regarding t h e  r e s u l t s  t h a t  Tom 
presented,  I be l i eve  I am c o r r e c t  when I am saying tha.i: 
i n  general., probably a l l  t h e  cells t h a t  were t e s t e d  t h a t  
had polypropylene s e ~ a r a t x s  i n  them, s t a r t e d  o u t  wi th  a 
s ign i f i c i rn t ly  lower \olume of  e l e c t r o l y t e  i n  t he  cells 
than d i d  t h e  cells wi th  nylon separa tors .  I may be wrong, 
b u t  I be l iave  t h a t  i s  correct. 

So, t h a t  i f  t h e r e  i s  a r r ' l . f s t r i b u t i o n  problem, 
such as Harvey has  proposed, it ser..ts t o  m e  t h a t  t h e  cells 
with  -- such c e l h  wi th  polypropylene sepa ra to r s ,  s t a r t  
o u t  wikh two s t r i k e s  a g a i n s t  them, a s  oprosed to  one D r  

a h a l f  a s t r i k e  wi th  t ho ' f i y lon ' s epa ra to r .  

So I th ink  t h a t  f a c t o r  has t o  be considered 
i n  eva lua t ing  t h e  r e s u l t s  t h a t  Torn presented t o  you. 

One o t h e r  p o i n t ,  regarding t h o s e  r e s u l t s ,  
also, a s  Bob Steinhauer  po in ted  o u t ,  one has  t o  look a t  
t h e  r e s u l t s  a l i t t l e  b i t  c r i t i c a l i y ,  as they may or may 
n o t  apply t o  a p p l i c a t i o n s  i n  synchronous e q u a t o r i a l  o-bi t .  

I b e l i e v e  it is t r u e  t h a t  i f  you look a t  t h e  
t r e n d s  of  t h e  d a t a ,  say ,  v i t h i n  t h e  f i r s t  one or two 
thousand cyc l e s ,  r a t h e r  t han  j u s t  focusing on 60C0 cyc le s ,  
you see r e l a t i v e l y  l i t t l e  change i n  t h e  c h a r a c t e r i s t i c s  
of  t h e  cells s i n c e  they were new, and t h i s  may suggest  
t h a t  t h e  problems t h a t  you may encounter,  i f  you t r y  to  
use  polypropylene s e p a r a t o r s ,  i n  a synchronous e q u a t o r i a l  
orbit, wi th  much fewer c y c l e s  t o  contend wi th ,  may be 
much less than ~ f g h t  be  suggested by t h e  d a t a  f o r  6000 
cyc l e s ,  as app l i cab le  to t h e  lower e a r t h  orbit. 

It is t r u e ,  of  course ,  t h a t  normally one usas  a 
much h igher  depth of  d iocharge i n  a synchronous orbit  
app l i ca t ion ,  because you can g e t  away w i t h  t h e  la rq . , \ s  dep th  
because o f  the fewer number o f  cyles, and it is probably 
true t h a t  the p r o b l e m  of  e l e c t r o l y t e  and o f  d ry ing  becam. 
more severe as you inc rease  t h e  depth of  d ischarge.  



So you c a n ' t  j u s t  simply equate  cyc les  f o r  c y c l e s  
f o r  25 percen t  depth  versus  60 or more s o  percen t  depth. 

? don ' t  know what t h e  equat ion is r e l a t i n g  t h e s e  
two depths of  d ischarge,  a s  f a r  as e l e c t r o l y t e  p r o b l e m  
are concerned, b u t  I j u s t  wanted t o  po in t  o u t  t h a t  it is  
poss ib l e  t h a t  t h e  problem o f  applying polypropylene 
sepa ra to r s  a t  the p r e s e n t  state of tke a r t  t o  a synchronous 
orbit may be,  where, s r y  you have a ,  le t ' s  say, f i v e  t o  seven 
hundred cyc l e  maximum requirement, maybe i n  o rder  of  
magnitude s i m p k r  t o  so lve  t h a n  those  f o r  a f ive-year low 
e a r t h  orbi t ,  where you may have twenty t o  twenty-five 
thousand cycles .  

The comment on t h e  p iece  of d a t a  t h a t  was shown 
f o r  the w e t t a b i l i t y  of polypropylenes a f t e r  e x t r a c t i o n ,  af ter  
cyc l ing ,  where it ind ica t ed  t h a t  they w e r e  extremely 
nonwettable, t h i s  is, of course, very i n t e r e s t i n g ,  and a 
l i t t l e  b i t  puzzl ing,  because t h a t  c h a r a c t e r i s t i c ,  a t  l e a s t ,  
those  f i g u r e s  do no t  appear t o  c o r r e l a t e  wi th  t h e  performance 
of t h e  cells conta in ing  those  separa tors .  

I would n o t  neces sa r i l y  expect  a d i r e c t  
r e l a t i o n s h i p ;  however, i f ,  indeed, t h e  w e t t a b i l i t y  as 
measured by t h a t  technique,  i f  the cell  responds i n  t h e  
same way a t  a'l t o  t h a t  kind of  w e t t a b i l i t y  number, you 
would axpect  t h e  cells t o  have been o u t  of  cornmission long 
s ince .  

So there is probably -- of  course ,  many d i f f e r e n t  
f a c t o r s  are involved i n  an a c t u a l  cell, n o t  t h e  least of 
which one would be t h e  f a c t  t h a t  you have, of course ,  t h e  
s epa ra to r s  i n  i n t i n a t e  c o n t a c t  wi th  t h e  p l a t e s ,  which do 
r e t a i n  t h e  e l e c t r o l y t e  and t h e r e  is  obviously an i n t e r -  
change between t h e  e l e c t r o l y t e  and t h e  pores  of  t h e  p l a t e s  
and t h e  contac t ing  sepa ra to r  m a t e r i a l ,  and you must -- 
obviously t h e r e  must be a t r a n s f e r  of  e l e c t r o l y t e  i n t o  t h e  
s epa ra to r ,  o r  an. exchange t h e r e  t h a t  is  n o t  r e f l e c t e d  by 
t h e  measurements t h e t  w e  have seen t h i s  morning. 

Now, one more comment on Harvey S e i g e r ' s  
p resen ta t ion :  I n  my view, t h e  p o t e n t i a l ,  or t h e  impact 
of t h e  type of e l e c t r o l y t e  r e d i s t r i b u t i o n  t h a t  he has  
propose3, could be extremely l a r g e ,  a s  f a r  as I am concerned. 

One of t h e  ques t ions  it raise3 i n  my mind is 
whether w e  are using the proper  criteria f o r  deciding how 
much electrolyte t o  p u t  i n  the cell a t  a l l  t h e s e  days, 



And I th ink  t h i s  s i t u a t i o n  needs to r ece ive  
some c a r e f u l  a t t e n t i o n .  

because i f ,  indeed,  t h e r e  i s  a -- i f  r e d i s t r i b u t i o n  begins ,  
which it does, as soon as t h e  cell  begins t o  cyc le ,  and one 
judges t h a t  he has t h e  r i g h t  amount of  e l e c t r o l y t e  by t h e  
performance of  t h e  cel l  a t  t h a t  p o i n t  i n  t i m e ,  it i s  
obvious t h a t  t h a t  performance c h a r a c t e r i s t i c  i s  going t o  
change r ap id ly  wi th  cyc l ing ,  and p r e t t y  soon you a r e  no t  
going t o  have t h e  same performance, and s o  you are no t  
going t o  have t h e  same criteria t h a t  you can apply f o r  
whether you have enough or n c t  enough e l e c t r o l y t e .  

So t h a t  I submit t h a t  w e  should take  a look 
a t  the whole procedure f o r  dec id ing  when you have enough 
o r  no t  enough e l e c t r o l y t e  i n  a cell., and correlate t h i s  
wi th  t r y i n g  t o  decide whether o r  no t  t h e  e l e c t r o l y t e  has 
reached some l e v e l  o f ,  w e l l ,  l e t ' s  say equi l ib r ium,  i n  
terms of  i ts  r e d i s t r i b u t i o n  i n t o  t h e  p l a t e s .  

I a m  p a r t i c u l a r l y  concerned t h a t  i n  connection .. 
again  w i t h  polypropylene s e p a r a t o r s ,  t h a t  is  where I 
guess t h e  b igges t  rub now appears t o  be, t h a t  because of 
t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  of  polypropylene, it i s  
very -- it seems to be very easy r i g h t  now t o  come up 
wi th  a poor cell design based on t h e  e x i s t i n g  approach 
to s e t t i n g  t h e  amount of e l e c t r o l y t e  i n  a cell ,  which has 
been based p r imar i ly  on t h e  performance wi th  nylon 
sepa ra to r s ,  

Now it i s  obvious t h a t  t he ra  a number of  
q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s  i n  t h e  i n t e r a c t i o n  
between the p l a t e s ,  s e p a r a t o r s  and t h e  e l e c t r o l y t e ,  whether 
o r  no t  you use nylon, and whether you use polypropylene. 

Now, wi th  t h a t ,  t hen  I j u s t  wanted t o  desc r ibe  
b r i e f l y  what w e  have been doing wi th  polypropylene, i n  
approximately t h e  p a s t  year ,  

I t  breaks down i n t o  two th ings .  We have going 
a t  TRW a development program f o r  t h e  A i r  Force f o r  
developing and t e s t i n g  a long- l i f e  b a t t e r y  f o r  synchronous 
e q u a t o r i a l  o r b i t  app l i ca t ions ,  and the in tenaed  t a r g e t  
l i f e t i m e  is seven y e a r s  i n  orb i t ,  which means something 
l i k e  a t  least a nine-year to ta l  u s e f u l  cell l i f e ,  i nc lud ing  
t h e  usua l  amount of ground handling and t e s t i n g  t h a t  goes 
on, p lus  t h e  f ac t  t h a t  the A i r  Force would l i k e  t o  be able 
t o  store t he se  b a t t e r i e s  for 18 months after the b a t t e r y  is 
completed on the ground, p r i o r  to  f l i g h t .  



So, adding a l l  t h i s  up, you can s t r e t c h  t h i s  
i n t o  a t o t a l  of about a 10-year, a c t u a l l y ,  a 10-year, 
approximately, u se fu l  l i f e ,  throughout -- w e l l ,  from 
grounc? t e s t i n g  t o  t h e  end of i t s  o r b i t a l  l i f e .  

We have s e l e c t e d  a 50 ampere hour ce l l  f o r  t h e  
p re sen t  development phase t o  manufacture a one k i lowa t t  
le- el b a t t e r y  f o r  synchronous o r b i t  app l i ca t ions .  

A t  t h e  p re sen t  t ime,  dur ing t h i s  l a s t  year ,  w e  
have received 36 50-ampere hour cells,  and these  are 
c u r r e n t l y  on tests. 

The s e p a r a t o r  t h a t  w e  s e l e c t e d  was t h e  GAF/ 
WEX 1242 f o r  t h e s e  cells. 

The reasons f o r  our  s e l e c t i o n  are a l i t t l e  b i t  
complicated. They a r e  p a r t i a l l y  t e c h n i c a l ,  and p a r t i a l l y  
nontechnicai ,  as o f t e n  t u r n s  out .  

The t e c h n i c a l  reasons involved some comparative 
tests between t h a t  s e p a r a t o r  and s e v e r a l  o t h e r s  t h a t  w e r e  
commercially ava i l ab l e .  

The p o i n t  of  comerc i a l  a v a i l a b i l i t y  i s  t h a t  
even though t h i s  is a development program, t h e  in tended 
use ,leriod is  n o t  t o o  f a r  away, and w e  were cons t ra ined  
t o  select s e p a r a t o r s  t h a t  w e  f e l t  reasonably conf iden t  
could be produced r e l i a b l y  and uniformly, and i n  q u a n t i t y ,  
w i th in  t h e  nex t  f e w  years .  

Now t h a t  reduced t h e  number of  p o s s i b i l i t i e s  
considerably .  

So based on comparative tests t h a t  -- some o f  
which were performed a t  General  Electric, and o t h e r s  from 
o t h e r  d a t a ,  much of it you have seen today,  and some of 
which you saw l a s t  y e a r  a t  t h i s  conference,  mixed a l l  up 
toge ther ,  t h e  answer came o u t  GAF/WEX 1242. 

W e  do no t  neces sa r i l y  i n t end  to  b u i l d  a l l  t h e  
cells on t h i s  program wi th  t h e  same sepa ra to r ;  however, 
w e  do in t end  t o  b u i l d  enough cells to  b u i l d  t h r e e  
b a t t e r i e s ,  which w i l l  be pu t . on to  l i f e  test under t h i s  
c u r r e n t  program. 

The a d d i t i o n a l  cells then may be purchased with  
other s e p r r a t o r s  for comparative t e s t i n g .  



For t hese  36 c e l l s ,  w? do no t  have a l o t  of 
l i f e  test  da t a  on t o  da t e .  They were received i n  Apr i l  
of  t h i s  yea r ,  and they are -- as w e i l l  be descr ibed  i n  
an i n t e r i m  annual r e p o r t  on t h i s  p r o j e c t ,  which i s  due 
o u t  soon -- we have b u i l t  one 24-cell  b a t t e r y  a d  it is cur-  
r e n t l y  on a synchronous o r b i t  r e a l  t i m e  l i f e  test. 

W e  have completed a simulated -- one s imulated 
e c l i p s e  season of 45 cyc i e s  of varying depth of 
d i scharge ,  upto a maximum discharge of  4 3  ampere hours i n  
t h a t  cell. 

We are purposely pushing t h e  high end of  t h e  
depth of  d ischarge scale, and t h i s  i s  one of  t h e  more 
developmental a spec t s  of  o u r  program. 

A l l  of  t h e  cells i n  t h e  b a t t e r y  are performing 
uniformly a t  t h i s  t i m e .  The b a t t e r y  is c u r r e n t l y  on 
continuous t r i c k l e  charge,  where it w i l l  remain f o r  another  
s e v e r a l  months before  w e  have some a d d i t i o n a l  cyc l ing ,  
when t h e  nex t  s imulated e c l i p s e  season comes around. I 

j 

I w i l l  comment on t h e  c h a r a c t e r i s t i c s  of t h e  
group. It was o r i g i n a l l y  f e l t  by t h e  manufacturer t h a t  
t h e  use of -- f i r s t  of  a l l ,  l e t  me say  t h a t  w e  had 
purchased,approximately two eya r s  ago, about 20 50-ampere 
hour cells of  a gene ra l  phys ica l  des ign very close t o  t h e  
p re sen t  des ign,  b u t  us ing pelon 2505 nylon s e p a r a t o r  
material. 

These cells have been around and been o f f  and 
on tests most o f  t h a t  per iod -f t i m e ,  and it would be 
very -- it is very d i f f i c u l t  summarize t h a t  test 
h i s t o r y ,  b u t  a summary of it w 11 appear i n  t h e  In t e r im  
Report,  which I mentioned. 

Generally speaking,  w e  had 1 2  o f  t he se  cells 
i n  a breadboard b a t t e r y ,  t h a t  has  expexiencsd a to ta l  
of approximately 330 c y c l e s  before  w e  s h u t  down t h a t  
p a r t i c u l a r  test. Most of t h e  cyc l e s  nad been a t  a depth 
of discharge of between 40 and 45 ampere hours  i n  t h r o  
50-ampere hour r a t e d  cell. 

A t  t h e  end o f  about 330 cyc l e s ,  the capac i ty  i n  
t h e  cells was -- t h e  t o t a 2  capac i ty  a t  25 amperes t o  one 
v o l t  >f t h e m  cells was a l i t t l e  over  60 ampere hours. 

The i n i t i a l  c apac i ty  of those cells two yea r s  



e a r l i e r  was, averaged 62 ampere hours,  under t h e  sane 
condi t ions .  

So, t h a t  s o r t  of g ives  you a b i r d ' s  eye base l ine  
as t o  how, a t  l e a s t  t h e  b a s i c  c e l l ,  wi th  nylon, a t  l e a s t ,  
can perform. 

Now wi th  t h e  c u r r e n t  l o t  of cells t h a t  I 
mentioned with  polypropylene sepa ra to r s ,  they were b u i l t  
wi th  -- a s  c lo se  t o  t h e  same design of p l a t e  m a t e r i a l s ,  
same loading,  and other f a c t o r s ,  a s  we knew how t o  g e t ,  
and it was o r i g i n a l l y  f e l t  by t h e  nanufacturer  t h a t  because 
of t h e  use  of polypropylene, t h a t  t h e  capac i ty  of t he se  
cells would no t  be as g r e a t  a s  t h e  capac i ty  of  t h e  c e l l s  
wi th  t h e  nylon sepa ra to r .  

A s  3 matter of f a c t ,  t h e  average capac i ty ,  
measured under t h e  same cond i t i ons ,  of t he se  more r ecen t  
cells,  was 65 ampere hours ,  and t h e  vo l tage  c h a r a c t e r i s t i c s  
were no t  s i g n i f i c a n t l y  d i f f e r e n t  than t h e  same cell  wi th  
t h e  nylon sepa ra to r  t h a t  -ge had been t e s t i n g  previously .  

So I might say t h i s  is, a s  I say ,  t h i s  i s  a t  a 
25 ampere hour,  25 ampere d i scharge  r a t e .  There i s  some 
evidence t h a t  a t  much h igher  discharge r a t e s ,  you can 
see a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  vo l tage  between nylon 
and polypropylene s e p a r a t o r s ,  b u t  we d i d  n o t  see it 
s i g n i f i c a n t l y  a t  25 amperes i n  t hese  c e l l s .  

The o t h e r  t h i n g  I would l i k e  t o  say is t h a t  
i n  add i t i on  t o  t h e  50 ampere hour cells, w e  have had a 
small' number of 20 ampere hour cells t h a t  have accumulated 
a coimiderably g r e a t e r  cyc l e  l i f e .  

We have s i x  20-ampere hour cells, which admit tedly  
is  not  a b i g  sample, b u t  it is  something. A l l  have poly- 

propylene sepa ra to r s .  Three have t h e  o l d e r  pelon FT-2140 
s e p a r a t o r  material, and t h r e e  have WEX-12423 

These cells have completed approximately 700 
cyc l e s  on an 8-hour cyc l e  b a s i s ,  wi th  a depth of  d ischarge 
t h a t  has va r i ed  from t i m e  to time between 15 and 18 ampere 
hours i n  a 72-minute d i scharge  period.  

Five o u t  of  those  cells, a t  t h i s  w i n t  i n  time, 
have end of d i scharge  vo l t ages  above one v o l t .  There is 
one cell  t h a t  is s l i g h t l y  below one vo l t ,  a t  t h  end of 
discharge,  a t  t h i e  t i m e .  



I n t e r e s t i n g l y  enough, a l l  t h r e e  c e l l s  wi th  
FT-2140 are above 1.1 v o l t s  a t  t h i s  po in t  i n  t i m e ,  end of 
discharge vol tage.  The one cell  t h a t  is  below on.e v o l t  
has t h e  IJEX-1242 and s o  whether o r  no t  t h i s  is a , . 

s i g n i f i c a n t  d i f f e r e n c e ,  I d o n ' t  r e a l l y  know y e t .  I 
suspec t  t h a t  from t h e  appearnce of t h e  vol tage c h a r a c t e r i s t i c  
t h a t  w e  could be -- w e  could have an e l e c t r o l y t e  problem 
here ,  because t h e r e  is a varying quan t i t y  of e l e c t r o l y t e  
i n  t hese  cells. 

I want t o  say one -- I want t o  mention f i n a l  
aspec t ,  and t h a t  i s  -- w e l l ,  two th ings ,  i f  you w i l l  
permit  me.  

One is t h a t  baced on t h e  performance -- a l l  
of  our  50-ampere hour cells have oxygen s i g n a l  e l ec t rodes .  
Based on t h e  performance of t h e s e  e l e c t r o d e s  i n  t h e  c e l l s  
wi th  nylon sepa ra to r s ,  w e  s t a r t e d  t e s t i n g  t h e  new c e l l s  w i t h  
polypropylene, us ing  t h e  same type of e l e c t r o d e  and t h e  
same load r e s i s t o r  and , lo  and behold, t h e  s i g n a l  l e v e l s  
were very muck lower r i g h t  o f f  t h e  b a t ,  wi th  a brand new 
cell than w e  s a w  -- eve r  saw i n  t h e  nylon cells. 

One c o r r e l a t i n g  measurement, al though I d o n ' t  
know what  t h e  exac t  r e l a t i o n s h i p  is  y e t ,  i s  t h a t  t h e  
impedance between t h e  s i g n a l  e l e c t r o d e  and t h e  negat ive  
e l e c t r o d e  i n  t hese  ce l l s , ,measured  a t  60 cyc l e s  Act 
w a s  roughly 20 t i m e s  t h a t  measured f o r  nylon cel l  under 
a v a r i e t y  of  condi t ions .  

Also, by inc reas ing  t h e  load r e s i s t o r ,  from 
so re th ing  l i k e  50 t o  100 ohms, on up toward 1000 ohms, w e  
could genera te  a s i g n a l  comparable t o  t h a t  t h a t  w e  were 
g e t t i n g  a t  100 ohms o u t  of  a cell  wi th  nylon sepa ra to r s .  

I d o n ' t  understand exac t ly  a l l  t h a t  is happening 
here ,  b u t  I be l i eve  t h a t  t h e r e  i s  some s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  behavior of  an  oxygen s i g n a l  e l e c t r o d e ,  
depending upon whether you p u t  it i n t o  a cell wi th  a nylon 
sepa ra to r  or i n t o  one wi th  polypropylene. 

Now, we may be i n  the same problem area aga in  
i n  terms of  e l e c t r o l y t e  d i s t r i b u t i o n ,  as I have mentioned 
before.  I am n o t  sure ye t .  

However, I do be l i eve  t h a t  here, again ,  one must 
should be aware t h a t  the design of a cell with  an oxygen 
sgna l  e l e c t r o d e  wi th  polypropylene s e p a r a t o r s  should be 



done w i t h  a sonewhat d i f f e r e n t  approach and more in fo rmat ion  
i n  mind t h a n  is a v a i l a b l e  p r e s e n t l y  from exper ience  w i t h  
nylon s e p a r a t o r s .  

One l a s t ,  and p o s s i b l y  t h e  most i n t e r e s t i n g  
coment, I would l i k e  t o  make, wi th  regard  t o  t h e  use  o f  
polypropylene ,  under c e r t a i n  a s p e c t s  and dur ing  c e r t a i n  
p e r i o d s  of  charging o f  t h e  cel ls  w i t h  oxygen s i g n a l  
e l e c t r o d e s  and polypropylene s e p a r a t o r s ,  w e  g o t  some ve ry  
s t r a n g e  oxygen s i g n a l  o u t p u t  c h a r a c t e r i s t i c s .  

I c o u l d n ' t  beg in  to  r e a l l y  summarize them i n  
g r a p h i c a l  form, so I chose - -- I am choosing t o  be  
q u a l i t a t i v e  a t  t h i s  p o i n t ,  u n t i l  w e  have a chance t o  
ana lyze  t h e  d a t a  f u r t h e r .  

But ,  b a s i c a l l y ,  d u r i n g  c e r t a i n  p o r t i o n s  o f  
t h e  charg ing  c y c l e ,  t h e  s i n g a l  would drop p r e c i p i t o u s l y ,  
and i n  some c a s e s ,  it was e s s e n t i a l l y  ze ro  f o r  a c e r t a i n  
p e r i o d  of  t i m e ,  and t h e n  n e a r  t h e  end o f  c h a r g e r  it would 
suddenly t a k e  o f f  a g a i n ,  and assume a -- wel1,let 's s a y  
a normal l e v e l ,  which, f o r  t h a t  p a r t i c u l a r  e l e c t r o d e ,  was 
s t i l l ,  o f  course ,  n!uch lower than  w e  had s e e n  p r e v i o u s l y  
w i t h  nylon s e p a r a t o r s .  

Eventual-ly what happened was t h a t  w e  looked 
i n t o  what was r e a l l y  happening, and one o f  t h e  d e v i c e s  
t h a t  w e  used was a l a b o r a t o r y  ce l l  c a s e  t h a t  w e  had been 
us ing  f o r  o t h e r  purposes  a t  TRW, which -- i n  which w e  cou ld  
p u t  t r a n s p a r e n t  p l a s t i c  f a c e s  on t h e  s i d e s  o f  t h e  ce l l ,  
s o  t h a t  w e  cou ld  look i n t o  t h e  c e l l  t o  see i f  w e  cou ld  see 
what was happening i n s i d e ,  i f  t h a t  would be  o f  any b e n e f i t .  

And t h e  one viewgraph I have shows a photograph 
o f  t h e  cell .  

I d o n ' t  t h i n k  w e  need t o  show t h e  t o p  t h e r e ,  
Tom, t h e  bottom h a l f  i s  what I wanted t o  show. 

T h i s  is a t a k e - a p a r t  c e l l  c a s e ,  cel l  d e s i g n  
t h a t  w e  have been working w i t h  f o r  a coup le  o f  y e a r s  now, ? 

t h a t  c o n s i s t s  o f  a polypropylene  body, all around h e r e ,  i 
I 

and t h e r e  is  j u s t  a series o f  h o l e s  around t h e  o u t s i d e  
through which screws may pass .  T h i s  i s  an  0 r i n g  a l l  
around here to  make t h e  s e a l ,  and o f  course, t h e  v a r i o u s  
f i t t i n g s  on t h e  top ;  a g l a n d  over h e r e ,  which we can  t a k e  
o u t  a s  many as f o u r  l e a d s  through a s e a l e d  compression t e f l c n  





bushing. 

And t h e  photograph -- t h e  p a r t i c u l a r  photograph 
you see h e r e  is one i n  wi.ich w e  have p u t  two q u a r t e r - i n c h  
l u c i t e  p l a t e s ,  one on each s i d e ,  and clamped i t  d o n  t o  
form t h e  cel l .  

W e  can p u t  s t a i n l e s s  steel slates,  e i t h e r  one 
s i d e  o r  both  s i d e s ,  when w e  wish t o  keep t h e  c e l l  c o o l ,  
w e  have to  use  a me ta l  p l a t e  on a t  l e a s t  one s i d e  or else 
t h e  cel l  g e t s  t o o  warm because of  t h e  ve ry  l o w  h e a t  
c o n d u c t i v i t y  of  t h e  p l a s t i c .  

So, w e l l ,  you can see, t h e s e  are t h e  p l a t e s  
and t h e  whi te  m a t e r i a l  h e r e  is  t h e  s e p a r a t o r ,  and t h i s  
is j u s t  a po lye thy lene  p l a s t i c  bag t h a t  w e  use  t o  wrap 
around t h e  e n t i r e  pack. 

W e l l ,  u s i n g  t h i s  type  o f  ce l l ,  w i t h  t h e  same 
s e p a r a t o r  system and t h e  smae degree  o f  i n t e r e l e c t r o d e  
spac ing  and a l l  of  t h a t  t h a t  e x i s t s  i n  t h e  50-ampere hour 
cel l ,  w e  s t a r t e d  charg ing  t h i s  ce l l ,  watching what was 
going on, and, l o  and behold ,  about  halfway through 
charg ing ,  e l e c t r o l y t e  comes pour ing  o u t  o f  t h e  pack and 
s t a r t s  f i l l i n g  up t h e  cell .  

Now, one o t h e r  f a c t o r  t h a t  I guess  I f a i l e d  
to  mention, t h e  l o c a t i o n  o f  t h e  oxygen s i g n a l  e l e c t r o d e  
i n  t h e  50-amp,36-50 ampere hour  cells t h a t  I d i s c u s s e d ,  
was over h e r e  a long  one o f  t h e s e  edges ,  squeezed up 
a g a i n s t  t h e  pack, w i t h  a p p r o p r i a t e  shimming. 

What w e  saw going on t h e n  w a s  t h a t  a c e r t a i n  
p o i n t  i n  .charging,  t h e  e l e c t r o l y t e  would come o u t  o f  t h e  
pack, rise up h e r e  and complete submerge t h e  e l e c t r o d e ,  
and it was a t  t h a t  p o i n t  where t h e  oxygen s i g n a l  dec reased  
markedly and it was obvious t h a t  what was happening was 
w e  were f l o o d i n g  o u t  t h e  e l e c t r o l y t e  and t h e  oxygen was 
unable t o  d i f f u s e  r a p i d l y  through t h e  l i q u i d  l a y e r ,  and 
so t h a t  was what was happening. 

Well, t h e n  w e  began ask ing  o u r s e l v e s  which w e  
would r a t h e r  have, a n  u n r e l i a b l e  oxygen s i g n a l ,  or t h a t  
much e l e c t r o l y t e  i.. t h e  cel l ,  and it was a p p a r e n t ,  o u r  
d e c i s i o n  was t h a t  w e  d i d  n o t  want t o  f u r t h e r  d e c r e a s e  t h e  
amount o f  e l e c t r o l y t e  t h a t  was p u t  i n t o  t h e  cell,  because  
w e  were a l r e a d y  u s i n g  cons ide rab ly  less i n  the cell t h a n  is 
normal f o r  t h e  same cell w i t h  nylon s e p a r a t o r s .  



Also, w e  d i scovered  t h a t  as you c y c l e  t h e  ce l l  
more and more, t h e  amount o f  e l e c t r o l y t e  t h a t  comes o u t  
becomes less and less, and t h i s  t e n d s  to,  a t  l e a s t  is  
c o n s i s t e n t  w i t h  t h e  p i c t u r e  f o r  e l e c t r o l y t e  d isp lacement  o f  
a i r  or whatever  i n  t h e  p o r e s  t h a t  Harvey S e i g e r  mentioned 
earlier. 

A t  any r a t e ,  t o  make a long  s t o r y  s h o r t ,  what 
w e  have had t o  do and a c t u a l l y ,  w e  a r e  s t i l l  r e a l l y  look ing  
a t  t h e  problem, is t o  p u t  t h e  oxygen s i g n a l  e l e c t r o d e  back 
over  h e r e  i n  t h e  l a r g e  space  vihgre it is under cons ide rab ly  
d i f f e r e n t  k i n d  o f  r e s t r i c t e d  environment t h a n  it is over  
h e r e  on t h e  edge ,  and t h i s  appears  t o  be,  a t  l e a s t ,  
b a s i c a l l y ,  an  approach t o  a s o l u t i o n  t o  o u r  problem. 

One t h i n g  w e  d i d  obse rve ,  a t  least w i t h  
polypropylene ,  i s  t h a t  t h e  e x a c t  performance of  t h e  
e l e c t o d e  i s  ext remely  s n e s i t i v e  to  t h e  e x a c t  degree  of 
compression ard t h e  p h y s i c a l  arrangement o v e r  h e r e  on t h e  edge 
of t h e  pack,  whereas,  i t  does  n o t  appear  t o  be  n e a r l y  a s  
s e n s i t i v e  t o  t h o s e  f a c t o r s  when you use nylon. The reason  
f o r  t h a t ,  I can  on ly  surmise  r i g h t  now, and I won ' t  go 
i n t o  t h a t .  

I j u s t  want t o  n ~ e n t i o n  t h a t  one has t o  be, a s  
mentioned b e f o r e ,  c o n s i d e r a b l y  more c a u t i o s  o r  more aware 
of  t h e  f a c t o r s  which cause  -- which r e l a t e  t o  t h e  performance 
o f  t h e  oxygen s i g n a l  e l e c t r o d e  when polypropylene  i s  used 
as t h e  s e p a r a t o r  m a t e r i a l .  

T h a t ' s  it. 

Thank you. 

HENNIGAN: A r e  t h e r e  any q u e s t i o n s  f o r  D r .  S c o t t ?  

P t e v e  G a s  t o n ?  

GASTON: Gaston,  Grumman. 

I have t w o  q u e s t i o n s .  One of them is what was 
t h e  test t empera tu re  of t h e  v a r i o u s  tes t  programs i n  which 
it was conducted and,  t h e  second q u e s t i o n  would be on the 
nylon-polypropylenes,  were t h e y  as r e c e i v e d  or was the 
w e t t i n g  a g e n t  removed? 

SCOTT: Yes. A l l  of t h e  t e s t i n g  t h a t  I mentioned 
was done a t  a n  average  cell  t empera tu re  o f  I would s ~ y  40 
degrees  F. I t  is  a t  that cool t empera tu re  range  t h a t  we are 
doing almost a l l  o f  our t e s t i n g .  



have 
used 

Second ques t ion ,  a l l  of  t h e  m a t e r i a l s  t h a t  we 
used f o r  s e p a r a t o r s ,  a s  f a r  a s  I am aware, a r e  being 
a s ,  i n  t h e  so-cal led "as received' '  condi t ion.  

HENNIGAiq: Steinhauer?  

STEINHAUER: D i l l ,  you mentioned you t r i e d  
t o  keep t h e  p l a t e  design t h e  same between these  l o t s  of 
two 50s and I d o n ' t  know about t h e  20s, b u t  a r e  a l l  of 
these t h r e e  Lots from t h e  sane c e l l  manufactu.rer3 

SCOTT: Y e s ,  they a r e .  

STEINHAUER: Second, j u s t  a comment. 

On our  near  e a r t h  o r b i t  program f o r  t h e  A i r  
Force,  w e  made a s i m i l a r  dec i s ion  t o  favor  t h e  e l e c t r o l y t e  
l e v e l  i n  t h e  polypropylene cell  a t  t h e  expense of s i g n a l  
through t h e  e l ec t rode .  

PSNNIGAN: Any o t h e r  ques t ions .  

Joseph Lackner . 
LACKNER: Lackner, DRB Canada. 

On t h e  tests you a r e  running, how much of an 
overcharge were you p u t t i n g  i n t o  t h e  c e l l s  and you s a i d  t h a t  
wi th  t h e  cyc l ing ,  t h e  amount of e l e c t r o l y t e  t h a t  ca; t o u t  
decreased. Was t h e r e  any way of  g e t t i n g  t h a t  e l e c t r o l y t e  
t o  come back t o  t h e  normal mount, or is t h i s  going t o  
decrease  t h e  dryness? 

SCOTT: For t h e  t e s t i n g  on t h e  20 ampere hour 
cells, t h e  overcharge-recharge r a t i o  v a r i e s  a l i t t l e  b i t ,  

depending upon v a r i a t i o n s  i n  cell vo l tage  and so f o r t h ,  b u t  
I would say it is  averaging 20 percen t ,  maybe it might 
vary from 15  t o  25 percent .  

W e  are purposely t e s t i n g  under cond i t i ons  where w e  
do no t  want inadwquate charging t o  have anything t o  do with  
t h e  r e s u l t s ,  i f  w e  can he lp  it. I n  o t h e r  words, we 
purposely probably a r e  charging them maybe somewhat more 
than  is abso lu t e ly  necessary,  because w e  wanted o t h e r  
f a c t o r s  t o  c o n t r o l  the performance of  the c e l l  r a t h e r  than 
incomplete charging. 

WICKNER: W e l l ,  w h a t  would be the purpose of  
t h e  oxygen electrode, i f  it i s  n o t  a charge con t ro l ?  



SCOTT: No, I am s o r r y ,  t h e r e  is  a d i f f e r e n t  
o b j e c t i v e  i n  t h a t  20 ampere hour t e s t  than i n  t he  b a t t e r y  
test.  

I n  t he  b a t t e r i e s ,  t h e  b a t t e r y  design uses t h e  
t h i r d  e l e c t r o d e  s i g n a l  a s  -- t o  switch t h e  c u r r e n t  down 
from a h igher  l e v e l  t o  a lower l e v e l  when adequate charge is 
received.  This same charge method was no t  used w i t h  t h e  
20 ampere hour cel l  t e s t .  That  was j u s t  a time based test 
only. 

LACKhTER: On t h e  second p a r t  of  th2  ques t ion ,  
about t h e  drying o u t ,  is t h e r e  any way of g e t t i n g  t h e  
e l e c t r o l y t e  t o  come back t o  t h e  normal, o r  i s  t h a t  j u s t  
going t o  dry ou t ,  too? 

SCOTT: W e l l ,  n w ,  you say drying. No, I don ' t  
know whether it i s  dry  o r  no t .  A l l  I can say is  t h a t  
t he  amount of f r e e  e l e c t r o l y t e  t h a t  can be seen ou t s ide  
of t h e  pack decreases  as cyc l e s  increase .  And i n  some 
cases ,  t n e  decrease -- it disappeared completely. I n  
o t h e r s ,  it d i d  no t ,  s o  t h e r e  appears t o  be a v a r i a b l e  
here  i n  terms of number of  cyc l e s  t h a t  it t a k e s  i n  o rde r  
t o  allow whatever r e d i s t r i b u t i o n  o r  whatever i s  happening 
from cel l  t o  cell. 

LACKiJER: I t  never e q u i l i b r a t e s  o r  it -- 
SCOTT: W e l l ,  you --?, now w e  have done something 

else, w e  have come i n  l a t e r  on and p u t  some more e l e c t r o l y t e  
i n t o  t h e  cel l ,  t o  see i f  it w i l l  t ake  t h a t  up, and i f  you 
do t h i s  o f t e n  enough, you do reach a po in t  where no f u r t h e r  -- no more e l e c t r o l y t e . f u r t h e r  is taken up, by t h e  cel l ,  
and then  it i s  j u s t ,  t h e  s i t u a t ~ o n  is  s t a b l e .  A t  t h a t  
po in t ,  however, you have -- you do have- you know, e s s e n t i a l l y  
a f looded cell,  and it i s n ' t  r e a l l y  s u i r a b l e  f o r  use ' . 
Bealed any more, because you do genera te  p r e t t y  high 
pressures .  

HENNIGAN: E rns t  Cohn, do you have a queation? 

COIQN: Yes, Cohn, NASA Headquarters. 

Ta go r i g h t  on wi th  what you were j u s t  d i s cus s ing  
now, i t  seems to  m e  you have given us  a method f o r  
e l imina t ing  t h e  problem t h a t  Nsxvey Geiger talked about,  
namely, by cyc l ing  and by having t h i s  v a r i a b l e  amount of 
a i r  being displaced by e l e c t r o l y t e ,  and +hen adding as 



much e l e c t r o l y t e  as you may wish to ,  maybe n o t  t h e  f u l l  
amount t h a t  you d i d ,  maybe something less, b u t  i n  any c a s e ,  
it looks  l i k e  you probably  d o n ' t  want t o  s e a l  o f f  t h e s e  
cells u n t i l  you have r e p l a c e d  a c e r t a i n  amount uf 
e l e c t r o l y t e ,  o r  added a c e r t a i n  amount of  e l e c t r o l y t e ,  
t h e n  s e a l  them o f f ,  and t h e n  you won ' t  l a v e  t h e  problem of 
t h e  oxygen e l e c t r o d e  n o r  t h e  problem w i t h  d ry ing  o u t .  

D o  you t h i n k  t h i s  is a good method o f  g e t t i n g  
more reliable, longer - l ived  c e l l s ?  

SCOTT: L e t  m e  answer your  q u e s t i o n  somewhat 
i n  r e v e r s e .  

I b e l i e v e  it is a b s o l u t e l y  e s s e n t i a l  to  r e s o l v e  
t h i s  i s s u e  of where t h e  e l e c t r o l y t e  g e t s  to  and how f a s t  
i n  order t o  have uniform cells, i n  o r d e r  t o  have -- 
g e n e r a l l y ,  i n  order t o  i n c r e a s e  t h e  o v e r a l l  r e l i a b i l i t y  of 
t h e s e  cells. 

Now, how you do i t  is a s e p a r a t e  q u e s t i o n ,  and 
a good one,  o f  course .  

I b e l i e v e ,  it a p p e a r s  t h a t  c y c l i n g  i n  probably 
t o o  long and too v a r i a b l e  a way of doing it. AS I 
mentioned, i n  some of t h e s e  cel ls ,  it appeared t h a t  it 
may t a k e  s e v e r a l  hundred c y c l e s  t o  cause  a n  a p p r e c i a b l e  
r e d i s t r i b u t i o n  o f  e l e c t r o l y t e .  

I would imagine t h a t  v a r i o u s  vacuum f i l J . ing  
t echn iques  would probably ,  i f  done p r o p e r l y ,  would probably  
be much more q u i c k e r  and maybe more p r a c t i c a l .  

F'ORD: Ford,  NASA, Goddard. 

I n  view of t h e  d i s c u s a i o n ,  I j u s t  t m t e d  t o  make 
a c a m e n t .  W e  have now, and I t h i n k  i f  you view t h e  pro- 
c e e d i n ~  . of the l a s t  workshop and perhaps the one i n  1970, you 
w i l l  see t h e  word " b u m  i n , "  or  a refere:me t o  "burn i n "  
p e r i o d  t h a t  we have d i s c u s s e d .  

Now, t h i s  w e  have observed i n  electricai 
performance, and I d o n ' t  t h i n k  i t  is -- w e l l ,  it a p p e a r s  
t o  be q u i t e  obvious t h a t  you are s e e i n g  something t h a t  
i s  probably correlatable t o  what we have s e e n  i n  the electrical 
burn-in. The p o i n t  be ing,  t h i s  p a r t i c u l a r  s u b j e c t  has been 
d i s c u s s e d  i n  the p a s t ,  and it is i r o n i c  that we am s i t t i n g  
here t w o  years later, and 1.m sure it g c - s  back two y e a r s ,  



and wc a r e  r e a l l y  t a l k i n g  about t he  same th ing ,  because 
I am convinced t h a t  every n i cke l  cadmium cel l  t h a t  is eve r  
b u i l t  e x h i b i t s  a phenonenon t h a t  we have c a l l e d  "burn-in,"  
p a r t i c u l a r l y  when sub jec ted  t o  cycl ing.  

And it i s  an i r r c v e r s i b l s  type opera t ion ,  t h a t  
you never completely r e t u r n  t o  where you s t a r t e d  on day 

one. 

SCOTT: But a r e  you saying t h a t  a l l  of t h e  
a spec t s  t h a t  you a r e  t a l k i n g  about of burn-in might be 
a s soc i a t ed  w i t h  t h e  e l e c t r o l y t e  and nothing e l s e ?  

FORD: No, no. Frtrn our  viewpoint t h a t  we 
have been looking p r j z z r i l y  a t  t h e  chain  i n  t h e  
electrical c h a r h c r e r i s t i c s .  For i n s t ance  today, t o  run a 
set of par&-, : t r ic  d a t a  on NICAD c e l l s  f o r  low e a r t h  o r b i t  
charge of des iqn,  t h e  vol tage :intit involved,  where you 
are t r y i n g  t o  come up with  d z t a  t o  design a v d t a g e  
t e m p e ~ a t u r e  c o n t r o l  sirstem, i f  yc J s u b j e c t  c e l l s  t o  
cyc l ing ,  t h e  f i r s t  nonth of d a t a  is t o t a l l y  u se l e s s  i n  
designing t h a t  vo l tage  l i m i t  because you don ' t  g e t  t h e  
same r e s u l t s  a f t e r  one month. I a m  t a l k i n g  about low 
o r b i t  cyc l ing ,  15,  25 percen t  depth.  You d o n ' t  see the  
same r e s u l t s  a f t e r  one month t h a t  you saw i n  t he  f i r s t  
couple of weeks. he see as much as 30 percen t  change i n  
th6 overcharge c h a r a c t e r i s t i c s  of cells which were sub jec ted  
ro the Eame condi t ion  a f t e r  30 days, 

HENNIGAN: Any more? 

MAURER: I wsuld l i k e  to  comment on t h e  problem 
o f  gas r e d i s t r i b u t i o n  t h a t  Harvey described.  

I f  you p u t  a porous body i n t o  a l j q v f d  and then 
p u l l  2 vacuum on t h e  su r f ace  of t h e  l i q u i d ,  3a s  p ressure  
deep wi th in  t h e  pores of t h e  body w i l l  e q u i l i b r a t e  wi th  t h e  
capillary pressure  o f  tho l i q e t d  i n  tho pores  and t h e r e f o r e  
you w i l l  no t  be zb le  t o  get any more than  a c x t a i n  amaunt 
o u t ,  depending on t h e  pore size d i s t r i b u t i o n  of the 
e l e c t r o d e ,  and,of courne, i f  you p u t  t h e  e l e c t r o l y t e  i n  
t h e  c e l l ,  and then  p u l l  t h e  vacuum, you have t h e  same 
s i t u a t i o n  and as you cyc l e  t h e  =ell even tua l ly ,  it 
r e d i s t r i b u t e s  as you have described, and the obvious way 
around t h i s  is -0 p u l l  a vacuum on the cell f i r s t ,  and then  
add t h e  e l e c t r o l y t e ,  then  ycu won't have t h i s  problem. 

There is another  phenomenon t%at takee p l ace  
i n  t h e  c e l l  thak was descr ibed  i n  a paper by P r i t z  W i l l  
a few year;; ago. concerned wi th  t h e  rn~veatent o f  cadmium 



hydroxide and cadmium i n  and o u t  of  a pore o r  along the  
w a l l s  of a pore,  due t o  t he  concent ra t ion  cells t h a t  are 
set up. 

On i n i t i a l  charge,  e s p e c i a l l y  f a s t  charge,  t h e  
cadnium e l e c t r o l e  w i l l  be func t ion ing  mainly a t  t h e  
su r f ace  and s o  t h e  change i n  po ros i ty  of t h e  e l e c t r o d e  
w i l l  be l imi t ed  t o  a sur face  l a y e r ,  and I w t l l  n o t  
specu la t e  on how deep t h a t  might be. I t  w i l l  depend on 
a l l  the e l ec t rode  parameters. 

But, as t h e  cell i s  cycled,  discharged n a t e r i a l  
w i l l  move i n  and you w i l l  -- t h e  e f f e c t i v e  pore shape w i l l  
change from a cone t o  a longor t ube  as m a t e r i a l  00 and t h e  
pore opens up deeper down and i n  t h e  paper I presented 
l a s t  year  on t h e  oxygen p re s su re ,  'Ae e f f e c t  o f  nega t ive  
s t r x t u r e  on t h e  oxygen p re s su re ,  I showed a cur-te of  
ox, 3cn pressrrie versus  nega t ive  loading.  

As t he  loading goes up o r  t h e  po ros i ty  comes 
down, thcn the  pressure  goes up by a d r a s t i c  amount. 

What r e a l l y  counts i n  t h e  cell is not  t h e  t o t a l  
e l e c c r o l y t e  volune b u t  t h e  ratic o f  t h e  e l e c t r o l y t e  
quan t i t y  i n  t h e  nec,?tive e l e c t r o d e  t o  t h e  po ros i ty  of 
t h e  negat ive  e l e c t r o d e ,  and i f  you change t h e  state of 
pharge on t h e  heav i ly  loaded nega t ive ,  then t h e  po ros i ty  
w 2 1 1  change by a l a r g e  percenthye,  because t h e  electroie 
's no t  very porous Ln t h e  f i r s t  p lace .  The e f f e c t i v e  
pores may be i n  t h e  neighborhood of  t e n t h s  of microns, 
and s o  a s m a l l  momlt: of  e l e c t r o l y t e  w i l l  f lood  it, and as 
you inc rease  t h e  s t a t e  of  charge,  t h e s e  pores open up by 
many f a c t o r s ,  no t  j u s t  a 5 percen t  o r  a 10 percen t ,  based 
on t h e  state of charge. 

As t h e  pore volume inc rezses ,  t h e  amount o f  
e l e c t r o l y t e ,  as Harvey showed, w i l l  e f f e c t i v e l y  -- t h e  
t o t a l  volume of l i q u i d  and s o l i d s  w i l l  remain s u b s t a n t i a l l y  
the same b u t  t h e  quan t i t y  of e l e c t r o l y t e  i n  t h e  e l e c t r o d e  
w i l l  be a smaller f r a c f i o n  o f  t h e  pore volume, and t h e r e f o r e ,  
t h e  overcharge pressure  w i l l  decrease.  

Now, you can then p l o t  za curve o f  oxygen 
p r e s s w e  versus  state of  charge that can be f a i r l y  steep 
f o r  heav i ly  loaded e l e c t r o d e s ,  b u t  as you look a t  l i g h t l y  
loaded e l e c t r o d e s ,  t h e  e f f e c t  of  s t a te  of charge is almost 
n s g l j g i b l e ,  because the f r a c t i o n  change i s  s o  much smaller. 



NO#, one of the reasons that the oxygen pressure 
will decrease on burn-in is a redistribution of the active 
material, which increases the effective area of the negative 
electrode, and also the loss of electrolyte from the stack, 
as you have already described. 

HENNIGAN: I think we can continue this discussion 
after lunch. 

(Whereupon, at 1:00 p.m., the meeting was 
recessed, to reconvene at i:45 p.m., the same day, in the 
same place.) 
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AFTERNOON SESSION (2:OO p.m.) 

HENNIGAN: I would l i k e  t o  c a l l  t h e  afternoon 
session t o  order,  please. 

There were a few things t h a t  came up t h i s  morn- 
ing  t h a t  I thought I mdld  comment on as f a r  as our t e s t ing .  

We had the  oxygen e lec t rode  i n  a l l  t h e  cells w e  
t e s t e d  c.nd amng the group of polypropylene c e l l s  the only 
cell t h a t  would put  o u t  an appreciable s igna l  f o r  a charge 
cont ro l  ras t h e  one t h a t  w a s  i n  the c e l l  with t h e  Hercules 
separator ,  a l l  t he  rest would not  rrork. I n  f a c t ,  it was 
something l i k e  a 10,  20 m i l l i v o l t  swing. 

I looked a t  t h e  data f o r  a w h i l e  and I followed 
it very c lose ly  during t h e  first 3000 cycles,  bu t  it was 
something on the  order  of 100 t o  150 m i l l i v o l t  swing which 
would be good f o r  a s igna l  output.  

The o the r  thing, the re  w a s  a statement made about 
t h e  amount of e l e c t r o l y t e  t h a t  w e  put  i n  t h e  c e l l s .  Nylon, 
which was a control ,  had 26; Hercules had 27; a l l  the rest 
of t h e  polypropylene had 24. 

I havea ' t  r e a l l y  looked a t  it too close,  but  if 
you w i l l  no t ice  on those graphs I showed, w e  a r e n ' t  put t ing  
t h a t  much less i n  t h e  polypropylene separators ,  but  they 
only have one-thirc? t o  one-f i f th  t h e  amount of e l e c t r o l y t e  
compared t o  t h e  o the r  materials. 

On the next series of teFts w e  w i l l  t r y  to be more 
c a r e f u l  on these  separa tors  t h a t  we magv not expect t o  work or 
t o  be on t h e  d r y  s i d e  t o  come up with another method of adaing 
e l e c t r o l y t e  t o  the cells. 

N o w ,  of course, I would l i k e  t o  mention the purpoce 
o f  this test w a s  to g e t  a separator  t h a t  w a s  comparable t o  
nylon but, yet ,  was a polypropylene, We would l i k e  to  have a 
mater ial  t h a t  you can f i l l  a c e l l  very e a s i l y  and would no t  
have t o  go through a lo t  of cycl ing and so for th .  

There is q u i t e  a movement i n  NASA t o  reduce the 
pr ice  cf spacecraf t  hardware. In  t h e  f u t u r e  it is going to 
be very d i f f i c u l t  to add on costs t o  t h e  c o s t s  we.have now 
f o r  cells, I n  f a c t ,  the t rend is going to reduce t h a t  cost, 
So, we would l i k e  t o  come up w i t h  procedures t h a t  are very 
simple f o r  t h e  cell manufacturer. I f  w e  can eliminate some 
o r  a t  l e a s t  keep them simpl-, 



We have t h r e e  more speakers  t h i s  afternoon.  
M r .  Stephenson, M r .  Dunlop from Comsat, and S teve  Gaston 
from Grumman. M r .  Stephenson, from Motoro1a;is the first 
speaker ,  H e  is going t o  t a l k  a l i t t l e  b i t  on what type of 
s e p a r a t o r s  they are i n v e s t i g a t i n g  and some of t h e  informa- 
t i o n  on t h e i r  programs. 

STEPHENSON: The Motorola usage o f  the n icke l -  
cadmium system is s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  aerospace 
indus t ry .  W e  are pr imar i ly  concerned wi th  s m a l l  mul t i -  
cell  b a t t e r y  packs, usua l ly  i n  t h e  o rde r  o f  about  a h a l f  ampere 
hour. However, what is  o f  i n t e r e s t  is, poss ib ly ,  t h e  test 
procedures and t h e  acce l e ra t ed  test procedures w e  do to 
c h a r a c t e r i z e  t h e s e  p a r t i c u l a r  type cells. 

P r i n a r i l y  what w e  a r e  concerned wi th  is  r a p i d  
charge cells normally i n  t h e  o rde r  of charge rates of less 
than one hour, s p e c i f i c a l l y ,  t h e  1.2C r a t e .  

I n  l i g h t  t e s t i n g  t h e s e  p a r t i c u l a r  type  cells w e  
normally charge them a t  tht 1.2C rate to 40° Centigrade. W e  
use a temperature cu tof f  and discharge t h e s e  cells a t  t h e  
C rate and r e p e a t  t h i s  c y c l e  every t h r e e  hours. Now, you can 
see t h i s  is  a tremendously acce l e ra t ed  rate and t h e  cells 
never r e a l ~ y  have an oppor tun i ty  t o  cool  o f f ,  and normally 
when t h e s e  cells are cycled they  run about  30 t o  40 Centigrade 
range. 

Now, w e  r epea t  t h i s  cycle ,  as I s a i d ,  every t h r e e  
hours, 8 cyc l e s  a day, u n t i l  t h e  cell  reaches  80 percen t  of  
i ts rated capaci ty ,  which w e  des igna te  a s  cell f a i l u r e .  

Normally, most o f  o u r  vendor cells run  anywhere 
from 500 t o  6G0 cyc les  before  they reach  80 percen t  capac i ty  
and usua l ly  1000 cyc?.es before complete cell  failure, b a t t e r y  
failure . 

W e  were unhappy wi th  t h e s e  cells because they d . i dn8 t  
g ive  uniform temperature and r a t s  c a p a b i l i t i e s  through a l l  t h e  
temperature extremes. The b a t t e r i e s  i n  which cells are 
normally incorporated normally run  anywhere from -33 t o  60. 
Centigrade i n  normal ope ra t ion  i n  a p o r t a b l e  communication 
s y s  t e m .  

What w e  at tempted to do was to stp.bfl ize t he  rate 
c a p a b i l i t y  of these cells throughout a l l  of i t s  temperature 
ranges. We found khat if we  at tempted to reduce the spacing 
between t h e  e l ec r rodes  we  could g e t  Ltettcr rate dr a, d r a i n  
data, drain rate a t  t h e  lower tempe;latt;res. However, we were 



very  concerned with ,  i f  w e  used a th inne r  type sepa ra to r  
what b m l d  t h i s  do as fa r  as t h e  cyc l e  l i f e  of t h e s e  b a t t e r -  
ies. So what we did ,  w e  assembled 288 cells, us ing a 2506 
type  sepa ra to r ,  Pel lon sepa ra to r  -- I should mention here  
t h a t  normally most of ou r  cells e i t h e r  use a 2505 o r  two 
l a y e r s  of a 2506 grade sepa ra to r  -- s o  w e  a r e  e f f e c t i v e l y  
reducing t h e  spacing between e l e c t r o d e s  anywhere from about 
t h r e e  t o  four-thousandths of  an inch.  

W e  s t a r t e d  t o  cyc l e  these cells. W e  made t h e  
t h i n n e r  s epa ra to r  on t h i s  a c c e l e r a t a d  test r o c t i n e  t h a t  w e  
have. The r e s u l t s  t h a t  w e  got were r a t h e r  s u r p r i s i n g  and, 
as ye t ,  w e  haven ' t  been able t o  f i g u r e  o u t  e x a c t l y  why w e  
g o t  t h e  r e s u l t s  t h a t  w e  d id .  

As I mentioned, t h e  normal cells t h a t  w e  cycle ,  
us inq t h e  t h i c k e r  s epa ra to r ,  have anywhere between 500 and 
600 c y c l e s  t o  80 pe rcen t  o f  r a t e d  capac i ty .  These cells, 
us ing t h e  t h inne r  separa tor ,  went anywhere from 900 t o  1000 
cyc le s  t o  80 percen t  of capac i ty ,  and w e  are s t i l l  continu- 
i n g  t h e  tes t  u n t i l  t h e  cells f a i l  completely. Out of t h e s e  
cells only one cell shor ted  and t h a t  w a s  a f t e r  530 cycles .  

W e  are j u s t  now s t a r t i n g  to  i n v e s t i g a t e  why t h e  
increased  l i f e ,  us ing a th inne r  s epa ra to r  -- as yod would 
be l i eve  t h a t  it would be j u s t  the o t h e r  way around -- you 
would probably have cell failure very  e a r l y  i n  l i f e  r a t h e r  
t han  later i n  life. 

W e  also inves t iga t ed  wet t ing  agen t s  a t  t h i s  
a c c e l e r a t e d  rate and the e f f e c t s  o f  we t t i ng  agen t s  are very 
sronounced on life. The s e p a r a t o r  t h a t  Pe l lon  normally incor-  
po ra t e s  i n  t h e i r  s epa ra to r  we looked a t  ex t ens ive ly  and found 
t h a t  af ter  only 20 or 30 cyc l e s  the batteries reached 80 per- 
cent of  t h e i r  rated capac i ty  and 50 t o  60 cyc le s  coraplete 
failure of the b a t t e r y .  

So, w e  a c t i v e l y  excluded any type  of wet t ing  agent  
i n  any of t h e s e  b a t t e r i e s  on the r a p i d  chavge r o u t i n e  and are 
aga in  bu i ld ing  new culls and r eeva lua t ing  the d a t a  t h a t  w e  
have, i n  an a t tempt  t o  compare the t h inne r  s epa ra to r  t o  t h e  
t h i c k e r  separa tor .  

Thank you. 

IIENNIGAN: Are there any quf s t i o n s  for M r .  
S tephonson? 

PALMER: On that las t  p o i n t  about the wetting agent,  



I wasn't q u i t e  c l e a r  on what you were saying. 

Did t h e  th inner  separa tors  no t  have t h i s  wet t ing 
agent  in?  

STEPHENSON: Yes. We excluded any type of impuri- 
t ies i n  the separa tor  i t s e l f .  

PALMER: And your work was exc lus ive ly  w i t h  nylon? 

STEPHENSON: Y e s ,  Right. 

PALMER: Okay. Thank you. 

RUBIN: I have two questions.  

In  your tests where you used a t h i n  and a t h i c k  
separa tor ,  was the a c t u a l  e l ec t rode  spacing d i f f e r e n t ?  

The second quest ion is: d id  you change t h e  quan t i ty  
of e l e c t r o l y t e  t h a t  you put  i n  t h e  cells? 

STEPHENSON: Yes, t o  both of them. 

As I sa id ,  w e  attempted t o  reduce t h e  spacing and 
t h e  e n t i r e  reason for t h i s  t e s t  program was t h a t  w e  wanted 
to reduce t h e  spacing between the e lec t rodes .  

STEINHAbZR: Did you f a i l u r e  analyze these  cells, 
whether they f a i l e d  due t o ,  say, more r ap id ly  with t h i c k e r  
e l e c t r o l y t e  versus having the wet t ing  agents  !n ard ao t o r t h ,  
or was it s t r i c t l y  e lec t r ica1 ,per formance  data?  

As far as the amount of  e l e c t r o l y t e ,  t h a t  was 
decreased with t h e  t h i m e r  sepa ra to r  something about ' the order  
of 2.8 t o  2.9cc per ampere hour, a s  opposed t o  t h e  2505 which 
only r an  about 3.lcc per  ampere hour. So it was reduced. 

RUBIN: Do you use as a base of measurement t h e  
amount of ampere hours i n  the c e l l  t o  determine t h e  e l e c t r o -  
l y t e  f i l l ?  

S!PEPHENSON: A t  times w e  do. We use seve ra l  tech- 
niques to  determine t h e  a c t u a l  f i l l  l e v e l  and normally an 
increment type where we monitor t h e  capaci ty  and t h e  pressure  
of t h e  cell and determine what the probable l e v e l  would be. 

RUBIN: Thank you, 



STEPHENSON: You are asking m e  t o  specu la t e  on 
why the cell  f a i l e d .  I purposely avoided t h i s  because w e ,  
ourse lves ,  don ' t  q u i t e  understand how t h e  c e l l s  f a i l e d .  

The normal f a i l u r e  mechanism f o r  t h e s e  cells is ,  
say ,  t h r e e  o r  400 cyc l e s  on t h e  cells w i t h  t h i c k e r  s epa ra to r .  
You can aee  a gradual  i nc rease  i n  t h e  end of charge vo l t age  
accompanied s h o r t l y  t h e r e a f t e r  by venting.  This was a l s o  t h e  
f a i l u r e  mechanism on t h e  cells with t h e  th inner  s epa ra to r .  
However, it was a n  a d d i t i o n a l  fou r  o r  500 cyc les  later. 

CHARLIP: Did I hear  you say s p i r a l  cells? 

STEPHENSON: Yes. Small round cells, s p i r a l  
wound. 

CHARLIP: Could you de f ine  how you bonded o r  how 
you joined t h e  can. What kind of bond d i d  it have between 
t h e  electrode and t h e  can? 

STl3PHENSON: Between t h e  e l e c t r o d e  and t h e  can? 
You mean, how w e  made e l e c t r i c a l  con tac t?  

CHARLIP: Right. 

STEPHENSON: With a welded tab on t h e  p l a t e .  

CHARLIP : Okay. Thanks. 

HALPERT: You s a i d  t h e r e  was a wet t ing  agent  i n  
t h e  Pel lon nylon. D i d  you p u t  it i n  yoursel f ,  or was t h i s  
p u t  i n  by t h e  Pel lon people? 

STEPHENSON: Both. We used a s - r ewived  material. 
The designat ion,  I th ink ,  is 2506-SK4, and v:e used a v a r i e t y  
of d i f f e r e n t  types  of wet t ing  agents ,  and we had similar 
r e s u l t s .  A l l  f a i l u r e  very e a r l y  i n  l i fe .  

HENNIGAN: I would j u s t  l i k e  to  ask one quest ion.  

Did you take o u t  some wet t ing  agents  i n  some of 
these?  

STEPHENSON: N o ,  we d i d n ' t .  We bought s e p a r a t o r  
w i t h  and without wet t ing  agents .  We never attempted t o  
remove it, although a t  t imes we d i d  watch t h e  s epa ra to r  t o  
determine i f  t h e r e  were any impur i t i e s  incorporated i n  t h e  
serr.rator as w e  rece ived  it. 



HENNIGAN: I would j u s t  l i k e  t o  mention t h e  
f a c t  t h a t  l o t s  of t i m e s  t he se  th ings  come w i t h  what they 
c a l l  a l ub r i can t ,  which is t h e  same th ing  as a we t t i ng  agent.  

STEPHENSON: No, these a r e  wi thout  a l u b r i c a n t .  

MAURER: Your d e s c r i p t i o n  of t h e  f a i l u r e  mode of 
t h e s e  cells is  very similar t o  what w e  saw on long overcharge 
wi th  c e l l s .  I n  t h a t  case  t he  oxygen was consumed by oxida- 
t i o n  of t h e  s epa ra to r  and t h e  negat ive  became f u l l y  charged 
and c e l l  vented. 

Now, could t h a t  be happening here ,  i n  which t h e  
nega t ive  gradual ly  becomes f u l l y  charged c e l l s  vented because 
of t h e  high temperature t h a t  t h e  c e l l s  ,ze ope ra t ing  a t ,  
and t h e  d i f f e r ence  between t h i n  and th i ck  sepa ra to r ,  then,  is 
simply the d i f f e r ence  i n  t h e i r  a r ea s?  

STEPHENSON: The a r e a s  of what, now? 

MAURER: O f  t h e  s epa ra to r .  The th inne r  s epa ra to r  
has less a rea ,  t he re fo re ,  less r e a c t i o n  takes  longer  t o  charge 
t h e  nega t ive  then. 

STEPHENSON: A s  f a r  a s  geometric, they a r e  t h e  
same amount. Now t h e  f a i l u r e  mode is exac t ly  a s  you mentioned. 
You can measure t h e  charge on the negat ive  and you see t h a t  it 
Ilas increased  from what you pu t  i n  t he re .  So, t h a t  is pre- 
c i s e l y  what is happening. Something is  ox id iz ing ,  i nc reas ing  
t h e  negat ive  charge up mre f u l l y ,  and it f i n a l l y  becomes 
nega t ive  l imi t ing .  

MAURER: The geometric a r e a  of t h e  s epa ra to r s  is  
t he  same, b u t  t h e i r  su r f ace  a r e a  must be d i f f e r e n t .  

STEFHENSON: Y e s ,  they would be. There is less 
materP a1 the re .  

HENNIGANt Are t h e r e  any more quest ions?  

( N o  response. ) 

HENNIGAN: Thank you very 

(Applause. ) 

much, M r .  Stephenson. 

HENNXGAN: We woulO like t o  go on t o  our next 
speaker who a l s o  has some informat ioz  on sepa ra to r s ,  determin- 
i n g  the dolecu la r  weight of s epa ra to r  ma te r i a l s .  



J i m  Dunlop of  Comsat. 

DUNLOP: Thank you, Tom. 

I am going t o  p resen t  some experimental  r e s u l t s  
t h a t  w e  have on s e p a r a t o r  material from t h e  I n t e l s a t  IV 
cells. 

This d a t a  is taken from t h e  r e a l - l ~ f e  test  program 
t h a t  w e  s t a r t e d  back i n  1969. W e  a r e  using ilitelsat IV cells 
which were taken d i r e c t l y  from t h e  production run and are 
being used c u r r e n t l y  i n  t h e  I n t e l s a t  I V  series satellites. 

W e  have analyzed these  cells e lec t rochemica l ly  
and chemically, pe r iod ica l ly .  We have saved t h e  s e p a r a t o r  
ma te r i a l s ,  and what I am going to  show you today is t h e  e f f e c t  
of t h e  change i n  t h e  s epa ra to r  ma te r i a l  wi th  t i m e  over  about 
a two-and-one-half t o  t h r e e  year  per iod.  

This s epa ra to r  is t h e  non-woven nylon Pe l lon  2505. 

The samples t h a t  w e  used f o r  determining t h e  molec- 
u l a r  weight d i s t r i b u t i o n  were taken a f t e r  burn-in. That means 
after t h e  normal cells were de l ive red  and run through a 30 
c y c l e  acceptance test. A f t e r  t h r e e  e c l i p s e  per iods  and t h r e e  
s to rage  per iods  t h a t  is one-and-a-half years  of r e a l - l i f e  
t e s t i n g .  Af t e r  f o u r  e c l i p s e  and four  s t o r a g e  per iods  t h a t  is 
two-and-a-half years  of r e a l - l i f e  t e s t i n g  i n  the l abora tory ,  
and t h e  t o t a l  l i fe  of the cell a t  t h a t  t i m e  is probably around 
three-and-a-half years. 

The molecular weight d i s t r i b u t i o n  and t h e  average 
molecular weight values  t h a t  a r e  shown he re  were determined 
by jel l  permeation chromatography. This w a s  done a t  Waters 
Associates.  

Wha': you see he re  is t h e  average molecular  weight. 
On a weight average b a s i s  it shows t h a t  i n i t i a l l y  the s e p a r a t o r  
had an average molecular weight around 45,000 and a f t e r  t h r e e  
e c l i p s e  seasons 31, and a f t e r  four e c l i p s e  seasons 24,000. 
This d a t a  s h w s  simply that t h e  average molecular weight is 
decreasing wi th  time. 

(S l ide  29 . )  

This r '.de shows a normalized i n t e g r a l  d i s t r i b u t i o n  
for t h e  nylon ser :ator, t h e  func t ion  of t h e  molecular weight. 



Separator 
Sample 

After burn-in 45,000 i4,OOO 3 .I1 

After 3 eclipse; 3 storage 31,000 7,200 4.35 

After 4 eclipse; 4 storage 24,000 9,600 2-50 

- 
M w  = weight - average molecular weight - 
Mn = number - average molecular weight 

XG D = - "heterogeneity factor" 
Mn 

FIGURE 28 



This is t h e  accumulative weight pe--cent s t a r t i n g  here .  The 
zeros  here  r ep re sen t  t h e  s epa ra to r  a f t e r  burning, and you can 
see t h a t  t h i s  has t h e  higher  molecular ve igh t s .  Af t e r  t h r e e  
e c l i p s e  seasons you s h i f t  back t o  here  and a f t e r  four  you s h i f t  
back t o  here ,  showing t h e  average molecular weight d i s t r i b u t i o n  
is s h i f t i n g  wi th  t i m e .  

General comment is ,  t h a t  a f t e r  four e c l i p s e  seasons  
approximately ha l f  of  t h e  higher  molecular weight chains have 
been cracked. 

That is a l l  f o r  t h e  slides, p leese .  

This da t a  is  somewhat q u a l i t a t i v e  i n  terms of 
eva iua t ing  t h e  t r u e  e f f e c t s  of t h i s  on t h e  s epa ra to r  perform- 
ance, per  se, but  it d e f i n i t e l y  shows t h a t  t h e  s e p a r a t o r  i s  
so lub le ,  t h e  nylon sepa ra to r  is  s o l u b l e  a t  t h e  t i m e ,  and 
probably does augment the assumption made by D r .  Maurer t h a t  
t h e  s o l u b i l i t y  of t h e  s epa ra to r  i s  no t  t h e  weight l i m i t i n g  
s t e p  i n  terms of t h e  carbonate  bui ldup i n  a nickel-cadmium 
cell w i t h  cycl ing.  

Now, i f  you t a k e  t h i s  da ta ,  t h e  q u a n t i t a t i v e  aspec ts  
of t h i s  da t a ,  and couple it with  t h e  other information t h a t  w e  
have determined from t h i s  test program, i n  essencs ,  t h a t  t h e r e  
is a carbonate buildup w i t h  t i m e  a s soc i a t ed  wi th  t h i s  test 
program, and that carbonate  bui ldup seems t o  be f a i r l y  l i n e a r  
between one and two grams of carbonate  p e r  year ,  and t h a t  ca r -  
bonate buildup t h a t  we previously  presented,  published before  
t h i s  conference and a t  t h e  A t l a n t i c  Ci ty  Power Sources Con- 
ference,  can 5e d i r e c t l y  related to t h i s  phenomena t h a t  was 
descr ibed  l a s t  year  by D r .  Maurer. That is, t h a t  the weight 
l i m i t i n g  s t e p  f g r  t h e  carbonate bui ldup i s  We elect rochemical  
ox ida t ion  o f  t h e  so lub le  byproducts of the nylon s e p a r a t o r  
by t h e  e lect rochemical  ox ida t ion  a t  the p o s i t i v e  e l ec t rode .  

Of  course,  the problem he re  wi th  t h e  nylon scpara- 
tor is, that with t i m e  you can use t h i s  carbonate  bui ldup to  
p r e d i c t  a f a i l w e ,  o r  you can a c t u a l l y  measure it on an 
accelerated test b a s i s  as was done by D r .  Maurer. 

Wa have used it i n  our program t o  p r e d i c t  t h e  
expected failure f o r  a nickel-cadmium cell and the expected 
f a i l u r e  f o r  t h e  I n t e l s a t  I V  cells, roughf- about f i v e  to  
seven years with  poss ibly ,  because o f  ~ ~ ~ r i a t i o n s  i n  t h e  actual 
qu;.: . t y  c o n t r o l  or o t h e r  a spea t s  of  the cell, we might drop 
th!.h down to  something l i k e  four  years.  

The experimental  r e s u l t s  t h a t  w e  are g e t t i n g  reem 



t o  be j u s t i f y i n g  ou r  expec ta t ions ,  and w e  w i l l  t a k  more 
about t h a t  tomorrow i n  terms of t h e  tes t  r e s u l t s ,  bu t  t h i s  
does b r ing  o u t  a po in t  t h a t  I should make and, t h a t  i s ,  
t h e r e  is a j u s t i f i c a t i o n  f o r  g e t t i n g  r i d  of t h e  nylon sep- 
arator f o r  long l i f e  sa te l l i te  app l i ca t ions .  

C 

Now, I am no t  s u r e  t h i s  morning e x a c t l y  what t h e  .- F 

conclusion was ior a six-month t o  a one-year t o  a two-year 
,; 

app l i ca t ion ,  bu t  i t  is very c l e a r  t h a t  f o r  t h e  seven t o  t en-  
year  synchronous type a p p l i c a t i o n  t h a t  t h e r e  is  no cell  , 
being c u r r e n t l y  designed today which r e a l l y  has the l i f e  
expectancy of seven t o  t e n  yea r s ,  i f  you are g c h g  t o  p u t  a 
nylon type sepa ra to r  i n  t h a t  c e l l .  a 

i 
The o t h e r  p o i n t  t h a t  I would l i k e  t o  b r i n g  o u t ,  0 

which I am n o t  going t o  d i scuss  today is,  t h a t  w e  do have 
experimental  evidence to  i n d i c a t e  t h a t  t h e r e  i s  a problem 

I ri 

t 
with  t h e  e l e c t r o l y t e  r e d i s t r i b u t i o n  depending upon the s t o r -  
age  mode, and you c e r t a i n l y  get a d i f f e x e n t  r e s ~ l t  f o r  con- 

1 

; 
t inuous s t y l e  charge mode than you do when you have an open 1 

c i r c u i t  s t o rage  mode. 
8 
i 'i 

I 

I th ink  the o t h e r  p o i n t  t h a t  Tom Hennigan asked 
m e  to  mention was, t h a t  w e  have been uslng Hercules s e p a r a t o r  
material, which w e  ob ta ined  wi th  h i s  he lp ,  s o  one and one-half 
ounces pe r  square  meter i n  our  n i c k e l  hydrogen c e l l s  t h a t  w e  
have been running.: and we have run t h i s  s a e e r i a l  over  a year- 
and-a-half i n  t h e  nickeL hydrogen cell program, t h i s  pa r t i cu -  
l a r  Iiercules material, and w e  have abso lu t e ly  no problems 
t h a t  w e  have determined to dat? g.'""hhaat: Hercules s e p a r a t o r  
i n  t h a t  p a r t i c u r a r  cell. 

That 4 s for the bet v . 7  r -, of +: e people who might 
n o t  be he re  tomrrow afternoon.  

BENNPGAN: Any ques t ic ;  , a .  

STEINHAUER: J i m ,  I agref: wi th  your genera l  con- 
c lus ions .  One th ing ,  do you believe t h a t  t h i s  nylon is  crack- 
i n g  i n  ha l f  or unzipping i n  monomer u n i t s ?  

DUNLOP: Monomer u n i t s .  I don ' t  r e a l l y  k n w  t 

e x a c t l y ,  b u t  the  d i s l r i b u t i o n  here  just shows a s h i f t  in t h e  
average molecular d i s t r i b u t i o n ,  so you can see h w  It looks. 
A l l  t h i s  shows i t 3  t h a t  t h e  l ongs r  chain  leng ths ,  50 ~ r c e n t  

I 
of those have Seen craaked. The d a t a  is there .  

STEINHAUER: Sure. The p o i n t  t h a t  I am concerned 
with  is, I agree with the oxygen g e t t i n g  t i e d  up i n  thb primary 
oxida t ion  and ox ida t ion  of the degtadat ion productr. Howemr, 



it is d i f f i c u l t  f o r  m e  t o  consider  nore  than j u s t  tho  -- 
when t h e  primary oxide ~ i o n  occurs you g e t  ca rboxy l l i c  ac id  
groups and those  I can see going r e a d i l y  t o  carbonate. I 
cal?' t see a l l  t h e  carbon c r  a l l  t h e  hyciroqeri being ox i  dizad.  
Therefore,  is your carbonate buildup p l a t e  unloading, or is  
it, indeed, a t t r i b u t a b l e  t o  t h e  s e p a r a t o r  d q t a d a t i o n ?  

DUNLOP: Well, Bob.. I am going to  answer t h a t  two 
ways. 

-';rst of  a l l ,  I be l i eve  t h a t  t h e  r e s u l t s  t h a t  you 
are see ing  h e r -  are due t o  s epa ra to r .  The reason I say t h a t  
is, t h a t  w e  have done t h i s  test f o r  both  c e l l s ,  which were 
open c i r c u i t e d  a d  cells which a r e  t r ickle  charged, and i f  you 
look a t  t h e  amouat of charging t i m e  o r  overcharging t i m e  f o r  
thosc  two modes, t h e r e  is almost a two-to-one d i f f e r e n c e  
between the arcl.iur,t of t i m e  t h a t  you are on charge wi th  t h e  
cont inuoustrr~klesharge ,  kc t h e  amount of t i m e  t h a t  you a r e  
on charge f o r  t h3  cells t h a t  a r e  open c i r c u i t  s t and  and then 
p e r i o d i c a l l y  charged and then cycled. It tu rn& o u t  that t h e r e  
i s  a p r e t t y  good c o r r e l a t i o n  he re  between t h a t  overcharged 
time and t h e  carbonate buildup with  time t h a t  is  observed over  
t h e  t h r e e  t o  four  yaars .  

What I cua say ing  t h e r e  is ,  w e  have observed about 
one gram p e t  year  bui ldup i n  carbona+e f o r  cells t h a t  have 
cont inuously  been t r i c k l e  charged. We have observea approxi- 
mately ha l f  t h a t  much, o r  one-half a gram of carbonate  buildup 
per year  f o r  cells that have n o t  been t r i p l e  c h a r ~ e d  or o p m  
c i r c u i t e d  charged. SO, it woulP l ead  you t o  be l i eve  t h a t  
t h a t  bui ldup i s  r e a l l y  coming from s i z e a b l e  byproducts a r r i v -  
i n g  a t  the p o s i t i v e  e l e c t r o d e  and being e lec t rochemica l ly  
ox id ized  t h e r e  dur ing charging. 

Now, t h e  o t h e r  p o i n t  I would l i k e  t o  make here is, 
that w e  do obaerve .an i n i t i a l  carbonate  l e v e l  i n  a l l  cells 
regardless of how much t r o u b l e  the var ious  b a t t e r y  manufact- 
urers take.  That is  s i m i l a r  between SAFT, between r .., - .  4 
between Eagle-Picher. I n  a l l  cases  it rep re sen t s  t ,  i.,. i 
f i c a n t  amount. The same exact th ing  has  been obse l ,  ,>' L:,! 

Batte1.le i n  t h e i r  program a t  Wright-Patterson A i r  T . t :.- :.- 3. 

It t u r n s  o u t  t o  be something e~ouncl 9 percen t  on a \;. . L J  ,L 
b a s i s  is carbonate i n  t h e  potassium hydroxide. 

I th ink  t h i s  i. something t h a t  t h e  battery manu- 
facturers haven ' t  been able to g e t  ou t ,  probably due to  the 
p o s i t i v e  electrode. 

One t h h g  that should probably he dona in name of 



these  test programs, and I haven ' t  heard a,) body mention 
it today, is, t h a t  i f  you a r e  ~ ~ i n g  t o  run these c e l l s  for 
long periods of tima with  polypropylene ssparatoxs ,  it 
probably would bo a good idea  t o  check o u t  your carbonate 
builCup from time tc: time. I d i d n ' t  hear  anybody mention 
that, 

One of t h e  arguments f o r  using t h e  polypropylene, 
end it would answer d i r e c t l y  your ques t ion  is ,  t h a t  t he  poly- 
propylene sepa ra to r  is no t  so lub le  i n  t h e  KOM an6 would be 
the r a t e  l i m i t i n g  s t u f f .  

STEINHXUER: I think Tom's da t a  showed l e v e l  car -  
bonates admittedly,  no extreme uvercharge. 

SCOTT: I don ' t  remember the ac tua l  numbers f o r  
tho  buildup that you were r e f e r r i n g  t o ,  c a t  what percentage 
are they of t h i s  i n i t i a l  carbonate l e v e l  of 9 percent  cr so? 

DUNLGPt a t h e r  t h a n  speak a f  percen ts ,  t h e  i n i -  
t i a l  carbonate l e v e l  t h a t  we ubserved i n  t h e  cells is  around 
s i x  grams t o  seven g r a m ,  and t h e  bui ldup is approximately 
a half a gram t o  one gram per  year. 

SCOTT: Axe you iniplyirig that s t a r t i n u  o u t  with 
LLX grams t h a t  yoc a r e  r e a l l y  worried about ha l f  o r  one zddi- 
t i o n a l  gram o r  so? 

DUNLOP: Yes, sir. 

SCOTT: I th ink  t h e  t h ing  we should be  worried 
about is t h a t  i n i t i a l  s i x  g r a m .  We have g o t  t o  get t h a t  
o u t  of t h e r e  and then we can s t a r t  worrying about some: ing 
ebe.  

DUFSLOPr NO, sir. The answer t o  t h a t  ques t ion  
is, t';at, f i r s t  of a l l ,  t h e  i n i t i a l  carbonate  you observe has 
t o  he coming from the p l a t e s .  You can run a carbonate l e v e l  
i n  a nickel-cadmium cell up t o  50 percen t  or beiGsr of the 
e l e c t r o l y t e ,  of a percen t  on a weight bards, and s t i l l  run 
the cell  f a i r l y  well. You can go up to  75 percen t  i f  you 
want to .  

Now let  ma f i n i s h .  

The carbonate Lluildup t h a t  you observe w i t h  time, 
i f  it is due t o  an eleotxo~hemical ox ida t ion ,  t h a t  means t h a t  
you are s h i f t i n g  the state cf charge of your ca&aium elac- 
trod8 an you b u i l d  up the carhqnate,  and in t h i s  p a r t i o u l a r  



case  w e  also showed a very n i ce  c o r r e l a t i o n  exper imental ly  
t o  an inc rease  i n  the state of charge of  t h e  cadmium elec- 
t rode ,  and t h i s  is d i r e c t l y  a t  t h e  expense of  t h e  overcharge 
p ro t ec t ion .  

That is  what a l l  t h i s  business  has  been about. 
It is what Maurer's paper was a l l  about. It is  what my 
paper has  been about for two yea r s ,  t h a t  carbonate  bui ldup,  
if it an ox ida t ion  phenomena coming by ox ida t ion  of t h e  
separaLor, means t h a t  you are s h i f t i n g  t h e  state o f  charge 
of your cadmium e l ec t rode  and even tua l ly  you d o n ' t  have any 
overcharge pro tec t ion ,  and s o  your cel l  fai ls ,  thereby 
becoming negat ive  l imi t ed  on charge. That is what the f a i l -  
u r e  mechanism is. 

There are two d i f f e r e n t  mzchanisms, that is the 
poin t .  

SCOTT: I d o n ' t  want you or anyone else t o  g ive  
t h e  impressior. that we a r e  n o t  concerned wi th  t h a t  i n i t i a l  
l e v e l  of carbonate  i n  t h e  cell, and that it may be a l o t  
s impler  t o  get t h a t  o u t  of t h e r e  t o  start with, than t o  so lve  
t h e  s e p a r a t o r  problem. I d o n ' t  know. 

But it seems t o  me t h a t  t h e  d a t a  publ ished now, 
w e l l ,  t h e  paper by t h e  people f r o m  GE l as t  year  or s o  and 
some more r ecen t  r e s u l t s  published by Battelle, i n d i c a t e  
t h a t  you do start g e t t i n g  a s i g n i f i c a n t  problem a t  way lower 
than 50 percen t  carbonate i n  t h e  e l e c t r o l y t e ,  e s p e c i a l l y ,  
i f  you are t a l k i n g  about p ro j ec t ing  these  e f f e c t s  t o  seven 
t o  t e n  years. 

I t h i n k  ~e are a l ready  a t  the danger p o i n t  r i g h t  
n w  from t h e  r e s i d u a l  carbonates  i n  t h e  plates. That is  t h e  
only  p o i n t  t h a t  I would l i k e  t o  make. 

DUNLOP: That is very t r u e .  Poss ib ly ,  Dr. Font 
would l i k e  t o  .comment on t h a t .  But we went t o  a f a i r l y  
ex tens ive  program wi th  SAFT t o  g e t  t h e  i n i t i a l  carbonate o u t  
and they went t o  t h e  p o i n t  where they vacuum s e a l e d  the 
e l ec t rodes ,  s t o r e d  them i n  a bag i n  the vacuum, they  assembled 
them i n  a f a c i l i t y  which e l imina t e s  a l l  t h e  carbonate i n  t h e  
a i r ,  and when you get a l l  done and you go t o  a l l  t h e s e  pre- 
cau t ions  t h e  problem is ,  you co..e o u t  wi th  t h e  cell  i n  which 
t h e  pe rcen t  of carbonate i n  t h a t  p a r t i c u l a r  cell is s t i l l  just 
as high as the percen t  of carbonate  i n  t h e  ones t h a t  GE 
de l ivered .  

A l l  I am saying is, you c a n ' t  decree this. You 



b e t t e r  f i n d  o u t  a way t o  do it. But you c a n ' t  decree  it 
j u s t  by going t o  very e l a b o r a t e  condi t ions .  

STEINHAUER: There is  a very easy way t o  keep 
t h e  carbonate o u t  of these cells. I saw it i n  t he  r e f r a c t o r y  
metal indus t ry .  You simply f i l l  t h e  room wi th  argon and pu t  
the processing people i n  wi th  t h e  d iv ing  s u i t .  

( Laughter. ) 

HENNIGAN: W e  w i l l  move along now t o  t h e  nex t  
speaker  and, then,  i f  t h e r e  is any genera l  d i scuss ion  a f t e r  
the nex t  speaker,  w e  can go i n t o  t h a t .  

Thank you, J i m .  

(Applause, ) 

HENNIGAN: I would l i k e  t o  mention he re  t h a t ,  i f  
af ter  t h e  nex t  speaker anyone wants t o  g ive  any r e s u l t s  t h a t  
w e  haven ' t  heard from, why, f e e l  f r e e  t o  do so. We w i l l  have 
t o  keep them s h o r t ,  though, because t h e  o t h e r  s e s s ion  we 
would l i k e  t o  h i t  about 3 o 'c lock anyway. 

Our nex t  speaker is  Steve Gaston. I d o n ' t  think 
I g o t  around to ask ing  Steve what he w a s  going t o  t a l k  about,  
b u t  I know it i s  on sepa ra to r s .  

GASTON: It is a s h o r t  summary on sc reen ing  tests 
which we conducted on t h e  huhdred ampere hour c e l l  under 
c o n t r a c t  NAS9-11074, 

I n  t h i s  sc reen ing  test w e  had b u i l t  a total  of 22 
one-hundred ampere hour cells. Out of t h e s e  22 t h e r e  were 
e i g h t  ~o lypxopy lene  cells and the balance were nylon cells, 
t h e  nylon was P-2505. 

The screening test c o n s i s t s  of a test program 
which i s  shown i n  Table I. 

Before I got i n t o  the screen ing  test program, I 
woula L i k e  t o  mention t h a t  a l l  c e l l s  were vacuum f i l l e d  and 
t h e  e l e c t r o l y t e  amount was d e f i c i e n t .  It  was i d e n t i c a l  t o  
t h e  one i n  t h e  nylon cells, I have a paper later which 9 
want t o  go i n t o  d e t a i l s  about  t h e  free volume determinat ion 
which w e  did on these c e l l s , . a n d  s o  we have assurances  t h a t  
t h e  electrolyte quan t i t y  was s u f f i c i e n t .  



I n  t h e  test r e s u l t s  w e  have f i r s t  a number o f  
tests on t h e  sc reen ing  tests where we ran a number of  d i f f e r -  
e n t  cyc les ,  including some capac i ty  cyc les ,  some high charge 
cycles ,  some high discharge cyc les ,  and w e  included an over- 
charge cyc le  and o r b i t a l  cycle .  

Now, on t h e  next  curve I d i d  n o t  include t h e  
o r b i t a l  cyc les  a s  far as t h e  capaci ty  i s  concerned, because 
they weren ' t  f u l l  cyc les ,  s o  they were omitted.  

When w e  f i n i s h e d  with 20° w e  repea ted  t h e  same 
test  a OeC. 

(S l ide  31.) 

P l o t t e d  he re  is  t h e  p o s i t i v e  e l e c t r o d e  $.?nsity. 
The p o s i t i v e  e l e c t r o d e  dens i ty  is  def ined as t h e  p o s i t i v e  
a c t i v e  ma te r i a l  d iv ided  by the t o t a l  e l e c t r o d e  volume. 

On t h e  o rd ina t e  I have t h e  p o s i t i v e  e l e c t r o d e  
a c t i v e  matezia l  u t i l i z a t i o n  and t h a t  is i n  ampere hours gram 
and f o r  cor:venience it is 10-3, 

I n  t h e  upper curve here  it shows t h e  20°C data .  
The uppe:.: curve p re sen t s  the nylon P-2505. The w s t ands  
f o r  w a d i ,  a l l  s epa ra to r s  except t h e  microf iber  ma te r i a l  was 
washed t h r e e  times i n  e thanol  aid fal lowed by d i s t i l l e d  
water  wash. 

The microf iber  is r e l a t i v e l y  low i n  that, the 
mizrof iber  was n o t  washed. It i s  r e l a t i v e l y  br i t t le  material 
and a s  t h e  name impl ies ,  it is a very s h o r t  f i b e r  and very 
d i f f i c u l t  t o  handle. 

Unfortunately,  w e  d i d n ' t  get t h e  same success as 
Tom Hennigan did on t h e  6 ampere hour cells. It is  p o s s i b l  
because t h e  c e l l  p l a t e  i s  r e l a t i v e l y  large.  It is  about  
seven inches  by f i v e  and one-eishths iilch i n  area and it was 
r e a l l y  d i f f i c u l t  t o  handle. 

A t  t h a t  time w e  s a i d  t h a t  we cannot handle it for 
t h a t  l a r g e  cell  and w e  k ind of pu t  it aside .  We s t i l l  have 
those  cells and I would l i k e  t o  t ake  another  look a t  them 
and see what caused t h ~  low performance. I n  f a c t ,  t h e  0' 
d a t a  t h a t  we do l a t e r  on it i s  even worse, it doesn ' t  even 
show up, it is  below t h e  l i n s s .  The r e s u l t s  were n o t  very 
success fu l  under ampere hour c e l l a .  





The To21047 and t h e  WX-1242 a r e  about t h e  same. 
They seem t o  f o l l o v  t h e  curve f o r  t h e  Pe l lon  and w e  seem 
t o  be g e t t i n g  about a 1 2  percen t  d i f f e r ence .  A s  a mat ter  
of f a c t ,  a l l  of t he se  e l ec t rodes ,  wi th  t h e  i d e n t i c a l  dens i ty ,  
came from t h e  same l o t ,  s o  they are i d e n t i c a l  e l ec t rodes .  

Again, he re  -- no, w e  don ' t  have any of t h e  same 
l o t .  I wanted t o  show t h e  d i f f e r ence  i n  dens i ty  a s  f a r  as 
the u t i l i z a t i o n  is  concerned. 

I n  t h i s  ca se  t h e  WX performed somewhat better than 
t h e  FT-2140, b u t  what w e  d id  a t  t h a t  t i m e ,  w e  used a combina- 
t i o n  of FT-2140 with  a woven polypropylene, so it wouldn't  
be a f a i r  t es t  f o r  the  FT-2140. 

I should have s a i d  t h a t  t h e s e  a r e  average values  
f o r  a l l  t hese  tests which w e  conducted. 

Now, t h e  average values  f o r  O 0  tests, and aga in  
w e  get about an 8 percen t  capac i ty  loss f o r  t h e  polypropylene 
a t  a dens i ty  of  about 1.7 grams p e r  cc, and it becomes more 
pronounced a s  w e  go t o  a lower dens i ty .  

The t h i r d  curve shows t h e  average of then both.  
We j u s t  took t h e  O 0  and the 20°  d a t a  and averaged them a l l  
ou t ,  and w e  get about a 1 0  percen t  lower capac i ty  f o r  t he  
polypropylene about 1.7, and we g e t  about 1 4  t o  15 a t  lower 
dens i ty .  

I t  seems t h a t  a t  a d e n s i t y  of about  1.6 grams 
per  cc t h i s  reaches  a maximum. 

Based on these  r e s u l t s ,  a t  least on t h e  100 ampere 
hours,  we have no t  seen an i d e n t i c a l  capac i ty  performance. 
We have seen a lower capac i ty  performance, bu t ,  of course,  
t he se  a r e  i n i t i a l  r e s u l t s .  

1 must add, w e  havs done some i n i t i a l  t e s t i n g  
b u t  we d i d  no t  want a prolonged experiment on these  cells. 
This was j u s t  f o r  comi,7arison, it was an experiment test. 

The hundred ampere hour cell, I would l i k e  to  
make one comment on the OAO cell which has flown on space- 
c r a f t  A-2 and it has  been f l y i n g  f o r  tho l a s t  four  yea r s ,  
and t h e  b a t t e r i e s  were b u i l t  about a h a l f  yea r  before ,  and 
they were b u i l t  with nylon P-2505. I t h i n k  a t  t h a t  t i m e  it 
was designated t4L. 

~ l t h o u g h  w e  havs seen  some degradat ion i n  t h e  
cell  performance, it a p p a r m t l y  -- what has been mentioned 



before  -- you can g e t  maybe up t o  f i v e  years  l i f e  wi th  
nylon provided you keep the  temperature cool ,  which i n  
A-2 it was around 5S0 t o  65OF. 

That is  about a l l  I have. 

Are t h e r e  any quest ions?  

HENNIGAV: Are t h e r e  any ques t ions  f o r  M r .  Gaston? 

( N o  response. ) 

HEKNIGAN: Okay. Thank you very much. 

HENNTGAN: A r e  '&.ere any genera l  ques t ions  that 
anybody would l i k e  to  ask any of the speakers  t h a t  w e  had 
t h i s  morning, o r  t h i s  af ternoon,  o r  does anybo6y have any 
o t h e r  i npu t s  they would l i k e  t o  pu t  i n  t h e i r  two-cents? 

LACKNER: I would l i k e  to  ask a ques t ion  of J i m  
Dunlop. 

On t h e  cells t h a t  you Vera t a l k i n g  abo3t earlier,  
what capac i ty  were they,  and what was the 'weigh t  of t h e  
s epa ra to r  per  c e l l ?  

DUNLOP: I can remember a couple. 

The cells are r a t e d  15 ampere hour cells. They 
are used a t  maximu.n depth of d i scharge  of 60 percent .  They 
are operated a t  a temperature approximately 68OF and c y c l e s  
a l i t t l e  b i t  dur ing e c l i p s e  opera t ion  lower and higher .  It 
drops down t o  about 30°F and back up 30 i n  an e c l i p s e  day. 

The sepa ra to r  weight, I be l i eve ,  i s  2 3  grams. 
S ix ty  ounces p e r  square yard. 

LACKNER: How many grams would t h e r e  be i n  a cell? 

DUNLOP: I th ink  t h e r e  is about 2 1  grams i n  a 
cell, Guy, I th ink  t h a t  is the number t h a t  I remember. 

LACKNER: Would t h e  f i g u r e  2 grams p e r  year  change 
i n  t h a t  s epa ra to r?  

DUNLOP: I t  tu rns  oub C.hat if you f i g u r e  o u t  that  
gram change, the weight change . p r e t t y  small. It is about 
a f i f t h  tho  change i n  the ampere hour equiva len t .  I fo rge t .  



I th ink  it is j u s t  about a t e n t h  o r  two-tenths of a gram 
pe r  year  i n  t h e  weight of t h e  s epa ra to r  m a t e r i a l  f o r  t h e  
amount of  carbonate bui ldup t h a t  you are t a l k i n g  about. 

LACKNER: What I am t r y i n g  t o  f i g u r e  is ,  i f  t h e  
carbonate bui ldup is  s t r i c t l y  due t o  t h e  s epa ra to r ,  how much 
is t h e  s epa ra to r  l o s i n g  i n  weight? 

DUNLOP: I th ink  it is about two-tenths of a gram 
p e r  year .  We c a l c u l a t e d  it ma, I th ink ,  t h e  ca l cu l a t ed  
nunber is about two-tenths of  a gram per  year.  

The p o i n t  I r e a l l y  chink is, t h a t  t h e  weight 
change of  t h e  s epa ra to r  even f o r  t h e  one gram carbonate 
bui ldup p e r  year  i s n ' t  enough t o  make a s i g n i f i c a n t  change 
i n  t h e  s epa ra to r  weight, t h e  t o t a l  s e p a r a t o r  we igh t .  It  is 
a f a i r l y  smal l  percentage o f  t h e  t o t a l  s epa ra to r  weight. 

LACKNER: It i s  j u s t  t h a t ,  I seem t o  feel t h a t  i f  
you a t t r i b u t e  t h e  carbonate s t r i c t l y  t o  t h e  s e p a r a t o r  degxa- 
da t ion ,  you would be l o s i n g  an awful l o t  of separa tor .  

DUNLOP: L i k e  I say ,  it i s  about l i k e  one gram o u t  
of  23 i n  f i v e  years .  I t  is a f i v 2  percen t  change i n  t h e  
total  s epa ra to r  weight, maybe i n  f i v e  years .  

LACKNER: I th ink  we, more o r  less, f e e l  t h a t  w e  
have t o  go on record  every year  t e l l i n g  you t h a t  w e  t h ink  
it comes o u t  of t h e  p l a t e s .  Tha t ' s  a l l .  

(Laughter. 1 

HENNIGAN: W e  have another  ques t ion .  

COHN: On t h e  same subject. I wonder whether any 
of t h e  speakers ,  o r  anybody e l s e  here ,  would have an op in ion  
as t o  what would happen t o  t h e  l i f e  o f  nylon if w e  could 
e s s e n t i a l l y  e l imina t e  t h e  presence of  oxygen. Is it t h e  
oxygen t h a t  is causing it, o r  is it some o t h e r  f a c t o r  t h a t  
i s  r e a l l y  causing tho degradation? 

HENNIGAN: Do any of t h e  s p ~ ~ k e r s  have a comment 
on t h a t ?  

RAMPEL : I w i l l  vo lun teer .  I don ' t  know why. 

F i r s t  of a l l ,  I feel t h e  degradat ion of nylon is 
due t o  t h e  exposure of KOH, to  some exten t .  The hydro lys i s  
i n  KOH, and of course  it is a func t ion  of temperature and 
XOH concentra t ion.  



Secondly, I f e e l  t h a t  the oxida t ion  is  due t o  
t h e  s epa ra to r  con tac t  wi th  t h e  n i cke l  ox ides ,  p a r t i c u l a r l y  
+3. 

HENNICAN: Dean Maurer a l s o  had a comment on 
your quest ion.  

MAURER: Guy and I d i sag ree  t o  same e x t e n t  on t h a t  
mechanism. 

I ag ree  t h a t  nylon i s  decomposed by hydro lys i s  
independent of oxygen o r  anything e l s e .  Those hydro lys i s  
products  can be oxid ized  then by free oxygen i n  t h e  c e l l ,  
bu t  i n  t h e  paper I presented l a s t  year ,  I showed evidence 
t h a t  it was ox id ized  by t h e  p o s i t i v e  e l e c t r o d e  i t s e l f .  That 
i s ,  t h e  p o t e n t i a l  of  t h e  p o s i t i v e  e l e c t r o d e  allowed an 
e lec t rochemica l  ox ida t ion  t o  t a k e  p lace  and t h a t  caused a 
n e t  oxygen l o s s .  

That r eac t ion  w i l l  go on whether o r  no t  you have 
free oxygen i n  t h e  cell .  I suspec t  you are lead ing  t o  pro- 
psoing your nega t ive  l i m i t  i n  t h e  c e l l ,  b u t  even i n  t h a t  ca se  
you would have t h a t  oxidat ion.  

RIVilPEL : Dean, we have no disagreement a t  a l l .  
I d i d  say that, the sepa ra to r  was being ox id ized  i n  con tac t  
w i th  t h e  n i c k e l  oxides,  p a r t i c u l a r l y  t h e  +3 valences.  

NENNIGAN: J i m  Dunlop has  a slide he re  which shows 
t h e  r e a c t i o n s  i n  t h e  c e l l  w i th  the sepa ra to r .  

(S l ide  32 . )  

DUNLOP: t h i s  is t h e  one t h a t  was jus t  descr ibed,  
which is t h e  e lec t rochemica l  ox ida t ion ,  and t h i s  is t h e  nex t  
r eac t ion .  

I th ink  I r e a l l y  took t h i s  from t h e  work t h a t  was done 
by D r .  McC a l u m  a t  B a t t e l l e .  This is  t h e  one t h a t  he 
descr ibed  i n  t h a t  paper where he descr ibed  t h e  var ious  mech- 
anisms by which you ox id i ze  the separa tor .  For t h i s  mechan- 
i s m  t h a t  we have shown here, which is t h e  e lec t rochemica l  
ox ida t ion  a t  t h e  p o s i t i v e  e l e c t r o d e ,  t h e  n e t  r e a c t i o n  is, 
t h a t  f o r  every gram of K2CO3 t h e r e  is 1.16 ampere hours change 
i n  t h e  state of charge on t h e  cadmium electrode, i f  you 
assume t h a t  t he se  r e a c t i o n s  are correct. 

STEINXAUER: I am glad you pu t  that up, J i m .  



3nCd (OH)2 + 6ne -, 3nCd + 6n (OH) - (2) 

96500 ahr 6 x  1 mole Ahr 
3600 equiv mole 138.20 (K2C03) ' ( K ~ c o ~ )  

FIGURE 32 



This i s  t h e  mechanism I would l i k e  t o  have kicked 
around he re  a l i t t l e  b i t ,  because it is  t h e  one I d i sag ree  
with . 

Even i n  t h e  primary ox ida t ion ,  or i n  the degrada- 
t i o n  product ,  ox ida t ion  is  a l l  t h a t  carbon and a l l  t h a t  
hydrogen being ox id ized ,  o r  arc you on ly  ox id iz ing  amine 
groups a f t e r  t h e  primary degradat ion i n  carboxyyl ic  a c i d  
groups? I n  other words, a r e  you indeed t y i n g  up t h e  amount 
of oxygen t h a t  t h a t  chemistry says? 

MC CALLUM: It i s  my understanding t h a t  D r .  Reed 
made t h e s e  measurements and he g o t  very good c o r r e l a t i o n  
between t h e  a c t u a l  carbonate pickup and t h e  number of e x t r a  
ampere hours showing on the cadmium e lec t rode .  

DUNLOP: So d i d  w e .  A s  b e s t  as you can do, w e  g o t  
a very good c o r r e l a t i o n ,  so we th ink  there i s  a good exper i -  
mental agreement. I have mentioned a l l  t h i s  once before ,  b u t  
I w i l l  r e p e a t  it aga in ,  

SCOTT: John, d i d  you j u s t  say  agreement between 
t h e  CO and t h e  amount o f  change i n  charged cadmium? That 
s t i l l  a o e s n ' t  answer Bob's quest ion o f  how much of t h a t  t o t a l  
chain  is  a c t u a l l y  s p l i t  o f f  and produced o u t  of t h e  o r i g i n a l  
nylo~ s t r u c t u r e .  I th ink  t h a t  is  h i s  quest ion,  if I under- 
s t c o d  it c o r r e c t l y .  

If you only o x i d i z e  one carbon o f f  the end of each  
of t h e  two halves  of t h e  o r i g i n a l  molecule, you would have a 
very small f r a c t i o n  o f  C02 based on t h e  o r i g i n a l  weight of  
s epa ra to r  ma te r i a l  t h e r e ,  b u t  t h e  change i n  the cadmium could 
s t i l l  be equiva len t  to t h a t  C02 and s t i l l  be a very small 
amount compared wi th  t h e  to ta l  a m o u t  of  s epa ra to r  p resen t .  

P - 
MC CALLUM: I d o n ' t  t h ink  w e  had any evidence 

whether it went exaot ly  as shown, o r  whether it i s  j u s t  one 
carbon o f f  of a cha in  o r  the chain  a l l  t h e  way. I d o n ' t  t h i n k  
w e  have any evidence on t h a t .  

STEINHAUER: My p o i n t  is, t h a t  if it is nylon 66, % 

or are w e  j u s t  t a l k i n g  about two carbons and 12 t h a t  can be 
f i rm sea l ed ,  too? i 

HENNIGAN: Well, we can t a l k  t h i s  over  a l i t t le  
further a t  6 08c lock  a t  t h e  c a c k t a i l  hour, and I t h i n k  t h a t  
is  where we w i l l  so lve  most of the problems. 

There is one thing t h a t  came up i n  the s e s ~ i o n s  I 



' t h i s  morning. We came over some c . , t a t  and I th ink  I heard 
some o t h e r s  say something s i m i l a r ,  i f  t h e r e  is enough e l e c t r o -  
l y t e  i n  the  separa tor  t h e  cadmium doesn ' t  seem t o  grow throv:+ 
That might be an a c t i o n  i t e m  f o r  next  year ,  t o  f i n d  o u t  why 
t h a t  happens, if it does, 

I was going to  b r ing  up a couple of programs t h a t  
went on about t h e  middle of t h e  '60s t o  determine whs did 
z inc  grow i n  a s i l v e r  z inc  c e l l ,  and both Yardney and Leesoma 
Moos d i d  kind of similar work on it and they both came up 
with  the conclusion t h a t  t h e  z inca t e  wasn ' t  t h e r e  i n  proper 
concentra t ion.  The z inc  would tend t o  grow o u t  and go look 
f o r  it. I wonder i f  some s i m i l a r  type of t h i n g  i s n ' t  happen- 
i n g  i n  our  c e l l s ,  t h a t  i s  no t  enough a i r ,  it keeps going o u t  
t o  look f o r  some f o r  it. 

We d o n ' t  have dendr i t e s  i n  t hese  c e l l s ,  it is more 
of a massive granula r  ma te r i a l  t h a t  moves ou t .  I am no t  say- 
i n g  it is s i m i l a r ,  b u t  it might be something w e  could th ink  
about over t h e  nex t  year  f o r  a t o p i c  then.  

We are going t o  conclude ou r  s e p a r a t o r  d i scuss ions  
he re  s o  t h a t  w e  can cover t h e  nex t  sub jec t ,  processes  and 
ma te r i a l s .  

I a m  now going t o  t u r n  it over t o  Jerry Halper t .  

Thank you v t r y  much f o r  your a t t e n t i o n  and help. 
(For a d d i t i o n a l  d i s cus s ion  see  Wrotnowski on 
second day of workshop.) 
(Applause. ) 

HALPERT: Thank you, Tom. 

As p a r t  o f  our  nex t  s e s s ion  on materials and pro- 
cesses we w i l l  jump r i g h t  i n t o  it and p lan  t o  have a break i n  
a s h o r t  t i m e .  

OW first  s u b j e c t ,  and when w e  t a l k  about 
m a t e r i a l s  and processen we a r e  t a l k i n g  about plaques,  p l a t e s ,  
anything o t h e r  than  s e p e r a t o r  a t  t h i s  p a r t i c u l a r  t i m e .  

Our f i r s t  speaker is  J i m  Bene from NASA/Langley. 
H e  is  going to t a l k  about s i n t e r i n g  condi t ions  and the q u a l i t y  
of plaque materials. 

BENE: Bs?:!ause t h e r e  i e  a g r e a t  d e a l  of i n q u i r i e s ,  
ques t ion ing  and wonder..ng about what Heliotek was doing on a 
c o n t r a c t  wi th  Langley, on a plaque con t r ac t ,  +here was about  
an e leventh  h o w  dec i s ion  mde to try t o  p re sen t  a paper here 



and t o  g ive  people some i d e a  of what i s  going on,  The fellow 
who was supposed t o  g ive  t h e  paper d i d n ' t  come, and you know 
who g o t  t h e  s h o r t  s t raw about 2 o 'c lock t h i s  morning. 

So, I am going t o  t r y  t o  go through t h i s  t h ing  
and, i f  you bear  wi th  m e ,  it might be a l i t t l e  lwnpy h e r e  and 
t h e r e ,  b u t  I th ink  w e  can g e t  through it, and hopeful ly  w e  
w i l l  hear some comment on some of t h e  t h ings  t h a t  w e  have 
found . 

The con t r ac t  Langley has wi th  Heliotek is a n i cke l  
plaque s tudy and t h e  type th ings  t h a t  w e  had hoped t o  ga in  
from t h a t  program is l i k e  what everybody else is  t r y i n g  t o  do, 
they want a l l  t h a t  good s t u f f .  

W e  set o u t  from a purely  cosmztic s t andpo in t  n o t  
t o  have any p i t s  o r  pocknarks, such th ings  a s  w e  have seen  i n  
t h e  p a s t ,  o r  cracks  i n  t h e  s i n t e r ,  no bubbles, and t r y  to 
reduce any agglomerations of the n i c k e l  powders. 

We are a l s o  t r y i n g  to  keep a high po ros i ty  i n  t h e  
p l a t e s  and c o n t r o l  t h a t ;  g e t  a very uniform poux d i s t r i b u -  
t i on ;  c o n t r o l  the th ickness  and do it uniformly; have a high 
surface a r e a  wi th in  the plaque s t r u c t u r e ,  8-3 to  o b t a i n  ver 
low e l e c t r i c a l  r e s i s t i v i t y .  

Now the  th ing  t h a t  w e  are going to  t a l k  about i~ 
a f a c t o r i a l  experiment. I t  was performed n o t  t o o  long ago 
and t h a t  had t o  d e a l  wi th  t h e  experiment f o r  the n i c k e l  
plaque as  it would ba used f o r  a p o s i t i v e  e lec t rode .  

The experiment was t r y i n g  t o  eva lua t e  t h e  e f f e c t s  
p r imar i ly  of rhnterin$emperaturo, t h e  resonant  time a t  t h a t  
temperature,  and composition of  t h e  forming atmosphere, and 
it i s  a l l  based on using a slurry production nethod. 

(Sl ide  33.) 

I am sure most of you people are f a m i l i a r  wi th  
what w e  have here.  It; is merely a block diagram i n d i c a t i n g  
t h e  slow process  f o r  production o f  a n i c k e l  plaque. We see 
a l l  t h e  v a r i a b l e s  t h a t  a r e  involved i n  t r y i n g  to  b u i l d  t h e  
th ing ,  and a l l  t hese  v a r i a b l e s  end up, i n  some manner of 
determining t h e  q u a l i t y  of t h e  plaque you have an end product.  
Some of t h e  most cri t ical  ones t h i t  w e  f e e l  t h a t  we found is 
t h e  composition of  slurry, the blade sepa ra t ion ,  obviausly ,  
and t h e  temperature resonant  t ime and the forming gas  compo- 
 iti ion during the s i n t e r i n g  process, 



For t h i s  f a c t o r i a l  experiment we f ixed  a l l  t h e  
v a r i a b l e s  up t o  t h e  s i n t e r i n g  po in t  and those  va r i ab l e s  
t h a t  were f ixed  were determined during a t r i a l  and e r r o r  
process t o  make a n i cke l  plaque f o r  a p o s i t i v e  e l ec t rode .  
I t  was those  va r i ab l e s  we f e l t  t h a t  gave us what we con- 
s ide red  a fairly good placiue. 

The va r i ab l e s  t h a t  we f ixed ,  t h a t  a r e  here, was 
t h e  n i c k e l  s l u r r y ,  t h e  n i c k e l  g r i d ,  and t h e  s l u r r y  appl.icatox, 
and t h e  drying time, or t h e  drying procedure, 

N i c k e l  s l u r r y  probably doesn ' t  vary t o o  much from 
what most o t h e r  people use,  and t h e  mixiny procedure is  
probably a l i t t l e  d i f f e r e n t  i n  t h a t  w e  use a very slow tumble 
rate to do t h e  mixing f o r  a very long per iod of time. This 
no t  only gives  us f a i r l y  good mixing, b u t  a 2 de-aerates  
t h e  s l u r r y .  

Nickel g r i d  is 3 m i l  a s  you can see the re .  It  is  
cleaned wi th  ammonia, I th ink  it i s  ho t  ammonia, an acetone 
bath .  Is t h a t  co r r ec t ?  

VOICE : Hydrogen peroxide. 

BENE: Also, the n i c k e l  g r i d  t m d s  to  have a 
cupping e f f e c t  where it has been punched, and it is  a l s o  
s t r e t c h e d  to s t r e t c h  t h e  border  a r eas ,  t o  match t h a t  of t h e  
pe r fo ra t ed  areac ,  to  get  x id  of buckling,  so t h a t  you have 
a much f l a t t e r  plaque when you a r e  f in i shed .  

The s l u r r y  a p p l i c a t i o n  d u c t i l e  b lades  that have 
s i n t e r i n g  f i n g e r s  t h a t  are dove ta i l ed  p r i o r  t o  entry i n t o  
t h e  d u c t i l e  blade,  and the drying is done a t  room ambient. 

(S l ide  35. ) 

Now, he re  are t h e  v a r i a b l e s  dur ing  the f a c t o r i a l  
tests. Now, the base l e v e l  i n  the furnace,  and t h e  furnace 
is a three-zone furnace,  and as you see ha re  the base l e v e l  
is s e l e c t e d  a t  775, 925 and 10COeC, and t h e  b e l t  zpeed 6 
inches  p e r  minuto and about a 20 percen t  hydrogen i n  the 
forming gas.  The forming gas  rate was f i x e d  a t  140 cubic  
f e e t  per hour, I be l ieve ,  i f  I xemembez r i g h t .  

The numbers for the Lase level, again ,  were 
determined apparent ly  dur ing t h e  test program and theso  
were the  nwnbers we found t h a t  gave us what we considered a 



f a i r l y  good plaque and very c lose  to t he  parametexs t h a t  
w e  desired f o r  t h e  pos i t ive  plaque. 

The u n i t  var iable  t h a t  we chose here  f o r  t h i s  
experiment w a s  plus o r  minus 2S°C f o r  a l l  temperature zones, 
plus or minus 2 inches per minute fo r  belt speed and 1 0  per- 
cent  va r i a t ion  i n  t h e  hydrogen forming gas. A l l  t o t a l  i n  
t h e  base run and t h e  f a c t o r i a l  run give us a t o t a l  of nine 
runs of s i n t e r  . 

(Sl ide 36.) 

H e r e  we have a p l o t  of t h e  temperature p r o f i l e  
within t h e  oven. It was obtained by imbedding thermocouples 
i n  a piece of plaque mater ial  and allowed t o  go through t h e  
f u r n ~ c e  . I 

(Sl ide 37 .) 

N o w ,  a f t e r  a l l  t he  plaque samples f o r  t h e  experi-  
ment were s in tered ,  a l l  t h e  plaqce was t e s t e d  and evaluated 
f o r  proper t ies  shmn here. Void volume thickneez ,. ~: ;eAan ica l  
s t rength  surface area, e l e c t r i c a l  r e s i s t i v i t y  i n  t h e  unload- 
ing. Two o thc r  things were appearance and goad locat ion.  

Now, sppearance kind of f e l l  out  because a l l  t h e  
plaque was blemish-free, w e  had no bubbles, no pockmarks, 
no cracks, aad t h e  g r id  locat ion w a s  s i n t e r e d  i n  a l l  samples 
w e  looked a t ,  N o  point  i n  including t h a t  here. 

The void volume was determined by using t h e  
weight of the water imbibed by vacuum impregnation i n  t h e  
samples. Sample s i z e ,  about 2-3/4 by 3-1/4, and w e  obtained 
something l i k e  2 percent reproducibility. Thicknesses by 
standard micrometer measurements and it was used about f i v e  
readings 
w a s  plus 

l i t t l e  d 

taken on each plaque sample, and the var iab le  the re  
or minus f ive-one-hundredths . 

The mechanical s t rength ,  there ,  again, w a s  a 
i f f e r a n t .  What w e  used was, more or l e s s ,  a hardness 

tester t o  determine t h e  amount of crunch o r  crunch-up t h a t  
you g e t  i n  the s i n t e r  i tself ,  so t h a t  ac tua l ly  t h e  smaller 
t h e  number you get, the more hard the s i n t e r  is. 

Surface area w a s  derermined by double layer  
capacitance p o t e n t i a t j c  s t ep ,  wherein the  sample is biased 
to a negative .5 t o  .9 volts as read by a n icke l  oxy-hydroxide 
reference e lec t rode  and t h e  pulse was 5 to  50 m i l l i v o l t s  for 
about 100 milliseconds. The double layer capacitance was 





charged a t  about 

94 

l l i s e c o n d s  f o r  a l l  samples. 

BET was going t o  be run by Goddard. I understand 
they r a n  i n t o  a problem and a s  y e t  it has no t  been done. 

E l e c t r i c a l  r e s i s t i v i t y  would run around 3 inch by 
1 inch  samples where a 5 amp c u r r e n t  was passed through 
sample and t h e  vo l tage  drop measured on a f i x e d  spacing.  

The impregnation was j u s t  by s tandard  aqueous 
n i c k e l  n i t r a t e  loading and 6 percen t  c o b a l t .  The samples 
were d r i e d  at12O0, and t h e r e  were f i v e  impregnations. 

(S l ide  38.) 

Here w e  have g o t  a r e a l  busy me. This is  a l l  
t h e  d a t a  that w a s  obta ined dur ing the experiment. 

Now, a l l  of  t h e  parameters t h a t  were checked 
were performed on a t  l e a s t  t h r e e  samples f o r  each run, 
except  f o r  t h e  double a i r  capaci tance,  which is only two 
samples. 

I th ink  one o f  t h e  t h ings  you see he re  i n  gene ra l  
is, t h a t  a l l  t h e  plaque t h a t  w a s  accep tab le  from t h e  s tand-  
po in t  of t h e  th ickness ,  t h e  poros i ty ,  t h e  mechanical s t r e n g t h ,  
e l e c t r i c a l  r e s i s t i v i t y ,  and t h e  weight gain .  \s you might 
expec t ,  t h e  higher  t h e  temperature -- I don ' t  mow i f  you 
people can follow m e  as I am going over t h i s  t h i n g  -- you 
w i l l  n o t i c e  t h a t  t h e  lower t h e  temperature o r  t h e  higher  t h e  
temperature t h e  plaque th ickness  is  t h i c k e r  f o r  t h e  lower 
temperature and t h i n n e r  f o r  t he  h igher  temperature,  and by 
t h e  same token t h e  mechanical s t r e n g t h  is much s t ronge r  f o r  
t h e  higher  temperatures.  You w i l l  f i n d  t h e  e l e c t r i c a l  
r e s i s t i v i t y  is even lower for t h e  h igher  temperature. That 
type  t h i n g  you expec t  t o  see. 

The double l a y e r  capaci tance w e  measured here  is 
about  t h e  same a s  what w e  found on a commercially a v a i l a b l e  
plaque. I t  w a s  made from a s l u r r y  process and about  twice as 
high as what w e  found on commercially a v a i l a b l e  plaques made 
from a dry powder. Res i s t iv i ty -wise  t h e  average w e  obta ined 
here  i s  about ,  oh ,  t u r n  it arcund, t h e  commercial plaque 
made from a s l u r r y  was about 1.3 times h igher  than  t h a t  made 
from a dry powder which was 1.9 times higher.  

There is n o t  much t o  p ick  and choose from i n  t h e  
weight ga in  and from t h e  irripregnation. 

Ii you w i l l  no t i ce ,  most a l l  of t h e s e  numbers are 



small. There is very l i t t l e  v a r i a b i l i t y  i n  any of t h i s ,  

We are going t o  t r y  t o  determine what  e f f e c t  a l l  
t h e s e  d i f f e r e n t  f a c t o r i a l  runs had on one another by what 
they cal l  a s tuden t  T test  t o  the data ,  which is a statis- 
t i c a l  method t o  determine o r  to e s t a b l i s h  the v a r i a b i l i t y  -- 
oh ,  boy, I am o u t  o f  my league on s t a t i s t i c s .  Anyway, it is 
a s tuden t  T test. 

You t a k e  t h e  numbers and what you determine i s  
the v a r i a b i l i t y  of t h e  number from the average mean, and 
using t h a t  number you c a l c u l a t e  a T va lue  which i s  given 
t o  you, a formula o u t  of  a handbook. 

(S l ide  39 . )  

What you a r r i v e  a t ,  anyway, when you are looking 
a t  t h e  dev ia t ion  from t h e  mean average and use t h a t  t o  cal- 
c u l a t e  T number, and i f  you come up w i t h  a number and i f  t h i s  
number is  l a r g e r  o r  g r e a t e r  than T, it is g r e a t e r  than  t h e  
nwnber you g e t  o u t  of t h e  handbook, and then  you say t h a t  
t h e  test ind ica t ed  a s i g n i f i c a n t  d i f fe rence .  If it is 
smaller, it is the same. 

W e  apply t h i s  to a l l  the d i f f e r e n t  v a r i a b l e s  w e  
had t h e r e  and s i x  r a t e  d i f f e r e n t  runs.  

J u s t  a t y p i c a l  example t h e r e  f o r  t h e  plaque th i ck -  
ness ,  

(S l ide  4 0 . )  

Here w e  have the mean average values  o f  a l l  t h e  
plaque p r o p e r t i e s  t h a t  func t ion  as a s i n t e r i n g  cond i t i on  and 
t h e  r e s u l t s  of  t h a t  app l i ca t ion  is che T tests, 

I want t o  emphasize t h a t  t h e  b e l t  speed apparent ly  
d i d n ' t  have any e f f e c t  dur ing  t h i s  experiment on any of t h e  
piaque p rope r t i e s  t h a t  w e  looked a t .  Apparently t h e  be l t  
speed was slow enough t h a t  w e  g o t  s u f f i c i e n t  s i n t e r i n g  even 
a t  t h e  hiqher  b e l t  speed. What you might expect ,  too ,  a t  
t h e  h igher  temperatures we g e t  t h e  d i f f e r ence  i n  the th ick-  
ness  and w e  g e t  h igher  mechanical s t r e n g t h  and a lower elec- 
t r ical  r e s i s t i v i t y .  With t h e  hydrogen we get a h igher  vo id  
volume and a t h i c k e r  plaque. 

What we l ea rned  from t h i s ,  I th ink ,  is t h a t  the 
bese condi t ions  t h a t  we chose were p r e t t y  w e l l  right on t h e  
money, because t h e  v a r i a t i o n s  we got here are p r e t t y  small. 





I f  you look a t  t h e  base numbers t h a t  w e  had f o r  
t h e  po ros i ty  or the  void volume, and the  th ickness  a r e  going 
o f f  a l i t t l e  b i t  and, i f  w e  ad jus ted  t h e  d u c t i l e  b lade,  w e  
can b r ing  t h e  th ickness  up t o  a des i r ed  l e v e l  of 25 m i l s ,  
w e  would only be about 2 percen t  o f f  from what w e  consider  
the  d e s i r a b l e  void volume wi th in  t h a t  s i n t e r .  

I guess w e  can say,  then,  t h a t  t h e  t e s t  was use- 
f u l .  I t  showed t h a t  t h e  process  f o r  t h e  p o s i t i v e  e l ec t rodes ,  
which was t h e  9 base l e v e l ,  w a s  accep tab le  from a s tandpoin t  
of plaque, and a l s o  i nd i ca t ed  how w e  could go about making 
plaque f o r  t h e  negat ive  which we want t o  be a l i t t l e  b i t  more 
porous, and a l s o  i nd i ca t ed  t h e  e f f e c t s  of  temperature on t h e  
plaque s t r u c t u r e  and t h e  e f f e c t  of t h e  hydrogen flow. 
Obviously, i f  you want t o  see some d i f f e r e n c e  i n  b e l t  speed, 
w e  would have t o  speed it up much f a s t e r  and reduce t h e  
res idence  t i m e  i n  t h e  furnace. 

T h a t  is  about  it. 

HALPERT: Any ques t ions?  

GROSS: Corrld you r e p e a t  what you s a i d ,  J i m ,  about 
the e l e c t r i c a l  r e s i s t i v i t y .  You made a comparison betwccn 
t h e  d a t a  t h a t  you had and about p l a t e s  made by a dry powdered 
method. 

BENE: Right. We compared the plaque t h a t  w e  made 
and a commercially a v a i l a b l e  plaque t h a t  i s  produced i n  much 
t h e  same manner. I t  i s  a wet s l u r r y  process.  W e  a l s o  compared 
it to  a commercially a v a i l a b l e  plaque t h a t  is produced by t h e  
dry powder process.  

The commercial plaque by t h e  w e t  s l u r r y  process  had 
a r e s i s t i v i t y  t h a t  r an  about 1 .3  times as h igh ,  and t h a t  from 
t h e  dry powder was 1.9 t i n e s .  

GROSS: Your r e s i s t a n c e  was lower then? 

BENE: Lower, c o r r e c t .  

GROSS: What percentage of  t h e  conduction was 
a t t r i b u t e d  t o  the gr id?  

BENE: That is a real good ques t ion .  

SEIGER: One-third. I happen t o  remember some 
of t h e  numbers. T h e  n i c k e l  g r i d  gave us a vo l tage  drop of 



' about 30 m i l l i v o l t s ,  whereas an e n t i r e  s i n t e r  on t h e  g r i d ,  
t h a t  combination gave us a vol tage drop of 13  m i l l i v o l t s .  

BENE: Was t h a t  t h e  quest ion you asked, Sid? 

GROSS: Yes, t h a t  was t h e  quest ion.  

BENE: I mis in t e rp re t ed  your quest ion then. I 
was t r y i n g  t o  answer something else. 

GROSS: I would Like  t o  ask i f  t h e r e  is  anybody 
who has run any t e s t s  on t h e  e l e c t r i c a l  conduction i n  t h e  
d i r e c t i o n  of th ickness  of t h e  plaque. W e  have done t h i s  
and have go t ten  sane s u r p r i s i n g l y  low values.  I f  t h e r e  is ,  
I would s u r e  l i k e  them t o  con tac t  me sometime o r  speak up 
now. 

CIIARLIP: J i m ,  i n  your first s l i d e  you were t a l k -  
i n g  about 59.6 percen t ,  I th ink ,  n i cke l  287, 2 percen t  b inder ,  
methyl a lcohol  7.4 percen t ,  the ion ized  water  34.2 percent .  
You had a pore former .8  percen t .  Is t h a t  a f u g i t i v e ?  Is 
t h a t  something t h a t  burns ou t?  

BENE: Right. 

CHARLIP: Would you c a r e  t o  e l a b o r a t e  on t h a t  
pore former, please. 

BENE: It gases  o f f  dur ing t h e  s i n t e r  process.  

CHARLIP: I know, b u t  would you e l a b o r a t e  on 
what t h i s  ma te r i a l  w a s ,  what i s  a pour former? 

Oximide . 
CHARLIP : Oximlid.B? 

Thank you. 

HALPERT: Okay. Thank you, J i m .  

(Applause. 

HALPERT: O u r  nex t  speaker  w i l l  now d i scuss  some 
of t h e  work t h a t  was performed on one of t h e  NASA programs 
involving comparison of t h e  chemical, e lec t rochemica l  and 
high temperature e lec t rochemica l  impregnation process .  



Gerhard Holleck from Tyco w i l l  d i s cus s  t h a t  work. 

HOLLECK: With suppor t  from the NASA/Goddard 
Space F l i g h t  Center  w e  have c a r r i e d  o u t  a s tudy w i t h  t h e  aim 
of developing uniform and p r e d i c t a b l e  b a t t e r y  p l a t e  f o r  
nickel-cadmium aerospace cells. 

The experimental  approach involved t h e  p repara t ion  
of porous n i c k e l  plaque and t h e  measurement of  i t s  phys ica l  
c h a r a c t e r i s t i c s  t o  test f o r  uniformity.  

The impregnation of  porous plaque wi th  n i c k e l  o r  
cadmium hydroxide t o  form p o s i t i v e  and negat ive  p l a t e s  and 
t h e  t e s t i n g  and c h a r a c t e r i z a t i o n  of t h e  p l a t e s  t o  d e f i n e  
t h e  in f luence  of manufacturing and opera t ing  va r i ab l e s .  

The r e s u l t  of t h e  f i r s t  two t a s k s  have a l ready 
been discussed i n  e a r l i e r  meetings. Today I w i l l  r e p o r t  on 
a f a c t o r i a l l y  designed experiment aimed a t  i l l umina t ing  i n  
a comparative s tudy  the e f f e c t  of plaque prepara t ion ,  plaque 
th ickness ,  impregnation process  and loading l e v e l  wi th  a c t i v e  
material. 

In  eva lua t ing  t h e  r e s u l t s ,  t h e  separa t ion  of the 
t rea tment  comparison with  t h e  main e f f e c t s  and i n t e r a c t i o n s  
is a convenient and powerful method of antil.ogcus, e s p e c i a l l y  
i n  cases  where i n t e r a c t i o n s  are m a l l  r e l a t i v e  t o  main e f f e c t s .  

I n  our  case ,  a s  w i l l  be seen  later ,  i n  d i r e c t i o n s  
w e  o f t e n  found l a r g e  r e l a t i v e  t o  main e f f e c t s  and t h i s  demon- 
s t r a t e s  f u r t h e r  the complexi t ies  o f  t h e  problem. 

(S l ide  4 1 . )  

This shows the b a s i c  s e t u p  of  the experiment. The 
plaque type was inves t iga t ed  a t  t h r e e  l e v e l s ,  dry s i n t e r  
plaque,  s lu r ry-coa ted  plaque on n i c k e l  sc reen  and a s l u r r y -  
coated plaque on a pe r fo ra t ed  s h e e r  s u b s t r a t e .  

The plaque th ickness  on two l e v e l s ,  t h e  t h i n  and 
the t h i ck  plaque, was normally 20 and 30 m i l s .  Then t h r e e  
l e v e l s  of impregnation method, chemical conversion,  e l e c t r o -  
chemical conversion and t h e  high temperature e lect rochemical  
impregnation. Again, t h i s  was i n v e s t i g a t e d  as two loading 
l e v e l s  of normally 5 and 8 ampere hours per  cub ic  inch.  

The t e s t  was a 30-60 minute cyc l e  wi th  25 pe rcen t  
depth of d i scharge  and 5 pe rcen t  overcharge. 



The n i c k e l  p laques  were prepared by s lu r ry-coa t -  
i n g  and by loose  s i n t e r  powder l a y o f f s  wi th  t h o  s u b s t r a t e  
s i n t e r e d .  The n i cke l  powder was Ingot  287. The green 
plaques  were s i n t e r e d  i n  hydrogen atmosphere a t  903C f o r  
30 minutes f o r  t h e  s l u r r y  cu l tu red  plaques and two times 
20 minutes f o r  t h e  dry layouts .  

The f i n a l  plaque was cha rac t e r i zed  by measuring 
th ickness  and po ros i ty ,  e l e c t r i c  r e s i s t i v i t y ,  and mechanical 
s t r e n g t h  i n  a four  p o i n t  band test. 

(S l ide  4 2 . )  

This s l i d e  shows some average va lues  of t h e  
plaque. The s i n t e r  poroqi ty  -- and t h e s e  are values ,  poros- 
i t y  values ,  co r r ec t ed  for t h e  s u b s t r a t e  value ,  mechanical 
s t r e n g t h  and r e s i s t i v i t y .  

You see t h e  loose s i n t e r  powder s i n t e r  are s l i g h t l y  
higher  i n  po ros i ty  than t h e  s lu r ry-coa ted  materials. P lease  
d i s r ega rd  t h i s .  That  is n o t  real. It comes from a n  error 
i n  th ickness  measurement due t o  t h e  sc reen  s t r u c t u r e  on t h e  
su r f ace  of khe plaque. Mechanical s t r e n g t h s  and r e s i s t i v i t y  
c o r r e l a t e  q u i t e  w e l l  wi th  t h e  average poros i ty .  Thcse are 
average values.  

(S l ide  43 . )  

This  shows you t h e  condi t ions  of t h e  impregnation 
process.  The chemical conversion process  was vacuum impreg- 
n a t i o n  with saturated n i c k e l  n i t r a t e  o r  cadmium n i t r a t e  
s o l u t i o n  followed by drying and then conversion i n  25 pe rcen t  
KOH a t  80° f o r  70 minutes. Plaques were then  washed, d r i e d  
and weighed and t h e  process  regeated.  

The elect rochemical  conversion s t a r t e d  o u t  wi th  
t h e  same s t e p  b u t  then t h e  plaque was d i r e c t l y  t r a n s f e r r e d  
i n t o  KOH wi th  a ca thodic  p o l a r i z a t i o n  and a c u r r e n t  of 150 
m i l l i o n  ampere per  square cent imeter .  

The high temperature e lect rochemical  impregnation 
w a s  c a r r i e d  o u t  i n  a s o l u t i o n  conta in ing  .3 molar sodium 
n i t r a t e  and 2 molar of  n i c k e l  n i t r a t e  o r  cadmium n i t r a t e .  

The temperature was approximately 104 @. I t  was 
a b o i l i n g  s o l u t i o n  and t h e  pH was a d j u s t e d  be fo re  hea t ing  
t h e  so lu t ion .  

P o s i t i v e  p l a t e s  were impregnated a t  a ha l f  amp 



per  square  inch and negat ive  p l a t e s  a t  a q u a r t e r  of a n  amp. 

This shows the bas i c  s t e p s  of  t h e  test procedure. 
The p l a t e s  were formed a t  a C over 2 r a t e  with 100 percen t  
overcharge up t o  a cons tan t  capac i ty .  Then t h e  i n i t i a l  
capac i ty  before  t h e  test  was determined a t  a C over  2 rate 
of  100 percen t  overcharge. Then hundred test  cyc l e s  wi th  
60 minutes charge, 30 minutes discharge and 25  percen t  depth  
of discharge a t  room temperature were c a r r i e d  out .  

The s t a r t i n g  was a t  80 percent  s t a t e  of  charge 
f o r  negative p l a t e s  and a t  a f u l l  charge f o r  p o s i t i v e  p l a t e s .  

During t h e  cyc l ing  charge and discharge p o t e n t i a l s  
were recorded. Af te r  t h e  l a s t  r egu la r  charge a complete dis- 
charge was c a r r i e d  o u t  and a f t e r  t h i s  t h e  ce l l  was f u l l y  
charged w i t h  100 percen t  overcharge and, again ,  f u l l y  d i s -  
charged. 

(S l ide  45.) 

This shows you a t y p i c a l  example of p o t e n t i a l  
t i m e  curves obta ined a t  p o s i t i v e  p l a t e s .  The shape o f  t h e  
test cyc le  d id  n o t  change dur ing t h e  hundred cycle .  I t  w a s  
p r a c t i c a l l y  i d e n t i c a l  a t  t h e  beginning and a t  t h e  end of 
cycl ing.  

Upon f u l l  d ischarge,  t h i s  i s  t h e  nex t  cyc le ,  you 
see a p o t e n t i a l  v a r i n t i o n  a t  t h e  po in t  where t h e  r e g u l a r  
cyc l e  ended and upon f u l l  charge after  t h i s  wi th  overcharge. 
That a c t u a l l y  cont inues  f u r t h e r  than t h e  one I have here.  

You s e e  a s l i g h t  change i n  t h e  p o t e n t i a l  time 
behavior a t  t h e  p o i n t  where t h e  r egu la r  charge would have 
ended t h e  cycle .  Even a f t e r  1 0 0  percen t  overcharge t h e  
following complete discharge shows some s t r u c t u r i n g  i n  t h e  
p o t e n t i a l .  

Now, if w e  assume t h a t  the end of discharge is a 
common point and, I th ink  t h a t  it is s a f e  ta  do so, we can 
l i n e  up t h e  second and t h e  fou r th  graphs of t h e s e  t w o  curves,  
and that is  done i n  t h e  nex t  vugraph. 

(S l ide  4 6 . )  

So, here  it becomes q u i t e  obvious t h a t  t h e  elec- 
t rode  is a c t u a l l y  cyc l ing  i n  t h i s  case between approximately 
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50, between these  i n  t h e  regula r  cycle .  But d e s p i t e  t h i s  
cyc l ing  a t  the low end of t h e  f u l l  capac i ty  it i s  remarkable 
t h a t  t h e  p o t e n t i a l  t i m e  behavior is very s i m i l a r  t o  t h e  s t a r t -  
i ng  p o t e n t i a l  t i n e  behavior of such a curve. 

The reason f o r  t h e  s h i f t  from t h e  f u l l  1 0 0  percen t  
state of charge t o  t h e  lower end o r  c e n t e r  po r t i on  of t h e  
state f u l l  charge is t h e  oxygen evolu t ion  which i s  a pe r iod ic  
r eac t ion  and inc reases  with t h e  s t a t e  of charge. Obviously, 
t h e  amount of overcharge was no t  s u f f i c i e n t  t o  keep the elec- 
t rodes  i n  a f u l l  charge s t a t e .  

An average p o s i t i v e  e l e c t r o d e  cycle  a t  t h e  end of . 
t h e  hundred cyc l e s  approximately between 35 and 6 5  percent ,  
between these l i m i t s  which a r o  given up here ,  s o  i n  t h i s  
r e spec t  t h i s  is somewhat of an extreme case  here .  

We have a l s o  c a r r i e d  o u t  q u a n t i t a t i v e  measurements 
of oxygen evolu t ion  a s  a func t ion  o f  s t a t e  of charge i n  con- 
nect ion w i t h  our work on negat ive  l i m i t e d  nickel-cadmium c a l l s  
and I w i l l  r e p o r t  on those  r e s u l t s  tomorrow. 

This vugraph shows t h e  analog cyc le  f o r  negat ive  
e lec t rodes .  Here no s p e c i a l  memory e f f e c t s  were observed. 
So t h e r e  is not  r e a l l y  very much t o  say about those curves.  

Before I d i scuss  t h e  capac i ty  changes dur ing the 
test cycl ing,  I want t o  make a few comments regarding t h e  
d a t a  evaluat ion.  

W e  used Yates procedure f o r  two l e v e l  f a c t o r i a l e  
and analyzed t h e  d a t a  i n  four  f a c t o r  b locks ,  This  is i l l u s -  
t r a t e d  i n  t h e  nex t  vugraph. One such four  f a c t a r  block would 
be t h e  shaded a rea ,  f o r  example, and t h e r e  are n ine  such com- 
b ina t ions  which w e  can make t o  c a r r y  o u t  wi th  this data .  

The ana lys i s  was c a r r i e d  o u t  f o r  95 and 80 per-  
c e n t  confidence l i m i t s .  The l e v e l  of s i g n i f i c a n c e  was 
determined by assuming t h a t  t h i r d  and higher  o rde r  i n t e r -  
ac t ions  a r e  nonexis ten t  and t h a t  t h e  var iance i n  t hese  t e r n  
is due t o  e r r o r .  T h i s  g ives  us a conserva t ive  confidence 
l i m i t ,  s i n c e  some t h i r d  order  i n t e r a c t i o n s  might v e l l  be real. 

(S l ide  4 8 . )  

This vugraph shows a t a b l e  g iv ing  the capac i ty  
ro t a ined  of p o s i t i v e  e l e c t r o d e s  dur ing  the hundred test cycles .  
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Tho o v e r a l l  changes a r e  r e l a t i v e l y  smal l  and 
i n  average  they  a r e  abou t  5 p e r c e n t  loss of  c a p a c i t y  dur ing  
t h e  c y c l e  regime. 

From t h i s  d a t a  it would appear  t h a t  t h e  p laques  
impregnated, e s p e c i a l l y  the s l u r r y - c o a t e d  p laque ; ,  impregnated 
by t h e  h igh tempera ture  e l e c t r o c h e m i c a l  impregflation p r o c c s s  
performed less favorab ly  than t h e  e q u i v a l e n t  p laques  imiireq- 
n a t e d  by e i t h e r  one o f  the convers ion  p rocesses .  

This  should ,  however, n o t  be a t t r i b u t e d  to  the 
high  tempera ture  e l e c t r o c h e m i c a l  impregnation p rocess  a s  such.  
For example, i f  you compare the l o o s e  sj n t e r  p laques  you f i n d  
p r a c t i c a l l y  i d e n t i c a l  performance i n  ?I1 i m p r e g r l t i o n  proce- 
dures .  

Why, t h e n ,  do we f i n d  t h i s  d i f f e r e n c e  between t h e  
looae  s i n t e r  p laque  and t h e  s lu rxy-coa ted  p laque  i n  t h e  h igh  
tempera ture  e1,ectrochcmical impregnation, whereas t h e  o t h e r  
impregnation methods were p r a c t i c a l l y  i ( - ~ e n s i t i v e  t o  the 
plaque  s t r u c t u r e  or, if anything,  improved when you go from 
t h e  l o o s e  s i n t e r  to  t h e  s lu r ry -coa ted  m a t e r i z l r .  

The h igh tempera ture  e l e c t r o c h e m i c a l  i ~ p r c g n a t i a n  
method depends on a ba lance  o f  a number of  d i f f e r e n t  d i f f u s i o n  
p rocesses  and t h a t  t h e  plaque and impregnation ybrameters  have 
to bo matched to  o b t a i n  optinurn r e s u l t s .  

S i n c e  w e  have n o t  had time to  determine  t h e  
optimum c o n d i t i o n s  f o x  each p laque  we u s e  a s t a n d a r d  procedure  
to  determine p r i m a r i l y  f o r  loose s i n t e r  p laques  i n  a l l  cases. 

I might  mention t h a t  c o n t i n u i n g  work f o r  NASA/ 
Goddard c a r r i e d  o u t  i n  our l a b o r a t o r y  by Ed Rubin, where t h e  
s t r u c t u r e  of  s l u r r y - c o a t e d  p laques  was modified,  r e s u l t e d  
e x c e l l e n t  p laques .  

The factorial e v a l u a t i o n  shows p r a c t i c a l l y  no 
o t h e r  m i n  effects. There are, however, s i g n i f i c a n t  i n t e r -  
a c t i o n s ,  

N w  let m e  q u i c k l y  back t rack  and recall what t h i s  
means. 

( S l i d e  49.) 

For  exardple, i f  we look h e r e ,  j u s t  a t  t h e  curve ,  
t h e  response  o f  t h e  l e v e l s  of B zero and B 1 h e r e ,  e f f e c t  a 
change i n  l e v e l  o f  f a c t o r  A is a response  t o  a change i n  the 
l e v e l  of f a c t o r  A is h a r e  independent  of the v a r i a b l e  B. 



Thus w e  have no i n t e r a c t i o n s .  However, i f  w e  look now, 
let's say,  a t  B zero and B 2 a change i n  t h e  l e v e l  of A 
from, let 's say,  zero state, ground s t a t e ,  to  1, does cause  
a d i f f e r e n t  response. 

Now, i f  w e  use t h e  average value as it is  done i n  
t h e  Yates eva lua t ion  w e  w i l l  f i n d  no response whatsoever. 
However, i n  t r u t h  it is n o t  no response, bu t  it is a r e v e r s e  
response on t h e  two l e v e l s  of B. 

(S l ide  SO.) 

For our s p e c i f i c  case I have ind i ca t ed  t w o  such 
cases nere.  For exanple, t h e  chemically impregnated s l u r r y -  
coa ted  per fora ted  s u b s t r a t e  plaque performed b e t t e r  than t h e  
loose  s i n t e r .  The oppos i te  w a s  t h e  high temperature e l e c t r o -  
chemical impregnation, I n t e r a c t i o n  w a s  a l s o  observed between 
loading l e v e l  and plaqae th ickness .  An example i s  shown here .  

I t  shows t h a t  a t  t h e  low load ing  l e v e l  t h e  t h i n  
plaque performed b e t t e r  and a t  t h e  high loading l e v e l  t h e  t h i c k  
plaque was more favorable .  This is a comparison which is 
ind ica t ed  on t h e  bottom of  t h e  s l i d e .  This i s  comparing the 
elect.rochemica1 conversion and high temperature e l e c t r o -  
chemical h p r ? g n a t i m .  The d ry  s i n t e r  and s lurry-coated t h a t  
w a s  on t h e  b ig  l a y o u t ,  :.he lower l e f t  corner ,  

(S l ide  51.) 

This shows t h e  r e s v l t s  of negat ive  p l a t e s .  Here 
the  changes i n  capac i ty  dur ing  the hundred test c y c l e  were 
considerably l a rge r .  They were on t h e  average of 1 5  percent .  
Maybe you can pu t  t h e  over lay  on here .  

These are average va lues  o f  t h e s e  columns here. 

The most s t r i k i n g  r e s u l t  i n  t h i s  comparison is  
t h a t  t h e  high temperzture e lect rochemical  impregnation behaved 
much b e t t e r  i n  t h i s  test,  r e s u l t e d  i n  much b e t t e r  cadmium 
e l ec t rodes ,  than t h e  e lect rochemical  o r  chemical conversion 
processes.  

This may r e f l e c t  a b e t t e r  d i s t r i b u t i o n  of t h e  
a c t i v e  ma te r i a l s  i n  t h e  plaque s t r u c t u r e .  

Other r e s u l t s  of i n t e r e s t  are t h e  lower load  
plaque r e t a i n s  l a r g e r  f r a c t i o n s  of i ts  capac i ty .  This ho lds  
throughout a l l  impregnations. 
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Here, too ,  s i g n i f i c a n t  i n t e r a c t i o n s  were observed, 
e s p e c i a l l y  between impregnation methods and plaque-type o r  
plaque thickness .  For example, of t h e  p l a t e  prepared by 
chemical conversion t h e  s lurry-coated per fora ted  shee t  was 
considerably  super ior  t o  t h e  loose  s i n t e r ,  i f  you conpare 
these  two, whereas if you compare, f o r  example, t h e  analog 
values  for  t h e  high temperature ixpregnat ion method you f i n d  
p r a c t i c a l l y  no d i f f e r ence  between t h e  two plaques. 

Based on those  r e s u l t s  w e  may draw t h e  fol lowing 
conclusions : 

Acceptable p o s i t i v e  p l a t e s  can be obtained by any 
of the three impregnation processes  on any of  t h e  plaques  
inves t iga ted .  

Of t h e  t h r e e  methods, t h e  high temperature e l e c t r o -  
chemical i m ~ r e g n a t i o n  process depends on t h e  l a r g e s t  number 
of va r i ab l e s .  If they are proper ly  determined and regula ted ,  
t h i s  process  may al low t h e  c l o s e s t  con t ro l  over t h e  d i spos i -  
t i o n  of a c t i v e  material. 

Also, weakening of  t h e  plaque s t r u c t u r e  due to 
cor ros ion  is considerably  less than wi th  t he  conventional  
impregnation methods. 

Of  g r e a t  p r a c t i c a l  importance is  t h a t  plaques 
can be impregnated i n  a one-step process ,  

The performance of negat ive  p l a t e s  appears t o  be 
much more dependent on manufacturing va r i ab l e s .  

Negative p l a t e s  prepared by t h e  high temperature 
e lect rochemical  impregnation process  show a s i g u i f i c a n t l y  
more favorable  capac i ty  r e t e n t i o n  than  those  prepared by 
e i t h e r  of  t h e  two conversion processes.  This reflects pro- 
bably a more uniform d i s t r i b u t i o n  of a c t i v e  m a t e r i a l  through- 
o u t  t h e  plaque s t r u c t u r e .  The plaque s t r u c t u r e ,  a l s o ,  is of 
importance. 

The s lurry-coated plaque without  any negat ive  w a s  
less capac i ty  change. 

Fur ther ,  t h e  less heavi ly  loaded nega t ives  r e t a i n e d  
a l a r g e r  f r a c t i o n  of t h e i r  capac i ty .  

Thank you. 

HALPERT: Thank you, Gerhard. 



A r e  t h e r e  any q u e s t i o n s  or comments xsgard ing  
t h i s ?  

SCOTT: What is your j u s t i f i c a t i o n  for superimpos- \ 

i n g  t h o s e  two p o s i t i v e  e l e c t r o d e  d i s c h a r g e  c u r v e s  a t  t h e  1 

r igh t -hand  end, r a t h e r  than  anyplace  else on t h e  c u r v e  and 1 
e s s e n t i a l l y  c a l l i n g  t h a t  a hundred p e r c e n t  d i scharged?  I 
assume t h a t  is what t h a t  impl ies .  

HOLLECK: Y e s .  I 
SCOTT: I d o n ' t  unders tand t h a t  a n a l y s i s .  

HOLLECK: W e l l ,  even if it is  n o t  e x a c t l y  a 
hundred p e r c e n t ,  I t h i n k  you c a n  assume i f  you d i s c h a r g e  
t h e  e l e c t r o d e  to  a low p o t e n t i a l  t h a t  yo3 have a v e r y  h i g h l y  
d i scharged  e l e c t r o d e ,  and t h a t  t h a t  i s  t h e  closest of a 
common p o i n t  you can  get on t h e s e  curves .  

SCOTT: D i d  you do any a s s o c i a t e d  chemical  a n a l y s i s  1 . -; 

for r e s i d u a l  cha rge  n e g a t i v e  material to  conf i rm t h a t  a n a l y s i s ?  

-HOLLECK: Not on t h e s e  tests here .  

GROSS: Do I unders tand your c h a r t s  c o r r e c t l y ,  
t h a t  you are showing pe rcen tages  of  t h e  i n i t i a l  c a p a c i t y ?  
You showed t h e  c a p a c i t y  on t h o s e  c h a r t s  a t  t h e  end of a hundred 
c y c l e  r e l a t i v e  to  t h e  i n i t i a l  c a p a c i t y ,  i s  t h a t  c o r r e c t ?  

HOLLECK: Y e s .  That  is t h e  measured c a p a c i t y  a t  
t h e  beginning o f  t h e  hundred c y c l e s .  It  is n o t  t h e o r e t i c a l  
c a p a c i t y .  

GROSS: Okay, t h a t  is  t h e  measure a t  t h e  t s g i n n i n g .  

Do you show, also, c a p a c i t y  a t  t h e  end of t h e  
hundred c y c l e s ?  

HOLLECK: These v a l u e s  which I showed, t h e s e  per- 
cen tage  v a l u e s ,  were p e r c e n t  of c a p a c i t y  r e t a i n e d ,  so t h a t  
means i f  t h e r e  w a s  a v a l u e ,  l e t ' s  say ,  of 95 p e r c e n t ,  t h a t  
means t h e  e l e c t r o d e  l o s t  5 p e r c e n t  of t h e  c a p a c i t y  it had a t  
t h e  baginning of  the hundred test cyc le .  50 th  measured by 
f u l l  d i s c h a r g e  a t  the C o v e r  2 r a t e  a f t e x  overcharge.  

SULK,:S: Could you make some comment on the a c t u a l  
u t i l i z a t i o n s  you g o t  from t h e  v a r i o u s  p rocesses?  

HOLLECK: Yes. We have also looked a t  t h e  v a l u e s  



' relative t o  t h e  t h e o r e t i c a l  c apac i t y  and t h e  p o s i t i v e  
e l e c t r o d e s ,  t h e  t h e o r e t i c a l  c apac i t y  and t h e  a c t u a l  d e l i v e r e d  
capac i t y  is very  c l o s e .  On t h e  nega t ive  e:.ectrodes w e  f i n d  
a l a r g e r  d iscrepancy and t h e  end va lues  a f t e r  t h e  hundred 
cyc l e s  compared t o  t h e  t h e o r e t i c a l  c a p a c i t y  c a l c u l a t e d  by 
weight ga in  of  n i c k e l  e l e c t r o d e s  is approximately 90 percen t  
and of t h e  cadmium e l e c t r o d e s  it i s  approximately, I th ink ,  
between 50 and 70 percen t .  

GXOSS: ?he only  t h i n g  is, do you have numbers 
such a!: ampere hours pe r  cub i c  ihch ,  because 90 pe rcen t  of 
nothing is s t i l l  nothing.  A r e  t h e r e  a c t u a l . 6  ampere h w r  
per cub ic  inch,  7 ampere hour per cub ic  i nch  f o r  each pro- 
cess? 

HOLLECK: Oh, yes ,  W e  measured ampere hours p e r  
cub i c  inch.  I cannot r e a l l y  g i v e  you now a s p e c i f i c  number 
of t h i s .  But, yes,  they  are i n  t h e  r e p o r t .  

HALPERT: Thank you, Gerhard. 

(Applause. 

HALPERT: Two p o i n t s  I would l i k e  t o  mention a t  
t h i s  t i m e .  Ne have t h a t  l is t .  I have no.4 been r e t u r n e d  t h e  
l i s t  of  names. I f  you have ~ o t  s igned it, p l e a s e  see m e  
dur ing  t h e  brezk. 

The second i t e m  is ,  a l l  those  who have p resen ted  
informat ion here  w e  would l i k e  t o  have cop ies  of your vugraphs 
f o r  i n c l u s i o n  i n  t h e  r e p o r t ,  and w e  would a p p r e c i a t e  it, if 
you brought them wi th  you, w e  w i l l  t a k e  them goday. 

mrn Hennigan w i l l  t a k e  a l l  t hose  i n  t h e  s e p a r a t o r  
s e c t i o n ,  and I w i l l  t a k e  a l l  t h o s e  i n  t h e  m a t e r i a l s  group. 

The survey t h a t  Floyd passed around today,  w e  
would l i k e  t o  have t h e  r e s u l t s  t h i s  a f t e rnoon  f o r  t a b u l a t i o n ,  
so t h a t  w e  can p r e s e n t  them t o  you tomorrow. So, i f  you have 
some t i m e  dur ing  t h e  break,  i f  you j u s t  s c r a t c h  down your 
r e s u l t s  or your informat ion,  w e  would appreciake  it. 

W e  w i l l  t a k e  abou t  a f i f t e e n  minute break and be  
back he re  a t  about  4 o t c l o c k .  

(Recess. ) 

IIALPERT: Our n e x t  speaker  f o r  this af te rnoon  has 
done some work on the high temperature  e lec t rochemica l  p rocess  



and is  involved with a new s t ep .  

I would l i k e  t o  p re sen t  him a t  t h i s  time, David 
P i c k e t t  from Wright-Patterson A i r  Force Base, w i l l  d i s cus s  
e lect rochemical  methods and e l e c t r o d e  f a b r i c a t i o n  a t  t h e  A i r  
Force A i r  Propulsion Lab. 

PICKETT: Over t h e  p a s t  few years  t h e r e  has been 
a considerable  i n t e r e s t  a t  t h e A i r .  k ' o r c e A ~ e r ~ P r o p u l s i o n  Lab 
i n  e lect rochemical  methods o f  impregnating s i n t e r e d  n i c k e l  
plaques. 

L a s t  year  I presented some d a t a  on experimental  
cells which had p o s i t i v e  p l a t e s  t h a t  were impregnated using 
t h e  B e l l  high temperature process.  Since t h i s  t ime General 
Electric has developed, under c o n t r a c t  wi th  us, a cons tan t  
p o t e n t i a l  process of methodic deposi t ion.  

W e  have developed o t h e r  methods in-house which 
are very similar t o  t h e  B e l l  process as a r e s u l t  of our  
experimentation with  t h i s  process.  

This p re sen ta t ion  w i l l  be concerned with  t h e  
r e s u l t s  of t he se  devclopmcrits i n  t h e  form of capac i ty  
measurements, loading d a t a  and cyc le  l i f e  test d a t a  generated 
on these  c e l l s  and t h e i r  p l a t e s ,  bu t  f i r s t  l e t  m e  exp la in  t h e  
processes  t o  you. 

(S l ide  52.)  

On t h e  f i r s t  s l i d e  I have t h e  r e c i p e  f o r  t h e  
p o s i t i v e  impregnation. In  t h i s  case  w e  use an e thanol  solu-  
t i o n .  We hea t  t h i s  to b o i l i n g  and b o i l i n g  p o i n t  i s  about  
80° Centigrade, and it is a 1.8 molar i n  n i c k e l  n i t r a t e  and 
.2 molar i n  c o b a l t  n i t r a t e .  W e  immerse t h e  plaque and make 
it ca thodic  and you use e i t h e r  200 o r  270 n i c k e l  anodes. 
Current  i s  then passed a t  .35 t o  . 5  amperes pe r  square  inch 
of plaque. The plaque is  then  r in sed  s e v e r a l  times i n  
deionized water and then d r i e d  i n  a vacuum oven a t  about 35' 
Centigrade. 

The l as t  s t e p  i s  op t iona l .  You can cyc l e  y o u  
plaques i n  t h e  c e l l  i f  you want t o  and omit t h i s  s t ep .  

(S l ide  53.) 

On t h e  nex t  s l i d e  I have a comparison wi th  anodic 
r e a c t i o n s  t h a t  occur, and I a+, comparing t h e s e  wi th  anodic 
r e a c t i o n s  t h a t  occur i n  t h e  B e l l  process ,  s o  t h a t  you can g e t  
some idea what is going on. 



I b e l i e v e  t h e s e  e l e c t r o d e  r e a c t i o n s  t h a t  I have 
h e r e  haw: by no means been proven. These a r e  j u s t  p o s s i -  
b i l i t i e s  i n  t h e  c a s e  o f  t h e  e t h a n o l .  

Of c o u r s e ,  i n  t h e  c a t h o d i c  p r o c e s s  what happens 
i s  t h a t  you reduce  t h e  n i t r a t e  t o  n i t r i t e  or o t h e r  o x i d a t i o n  
states o f  n i t r o g e n  and i n  t h e  p rocess  you remove hydrogen 
i o n s  from i n s i d e  t h e  p laque ,  and t h i s  p r e c i p i t a t e s  t h e  
a c t i v e  m a t e r i a l .  

W e  can a l s o  use  t h e  e t h a n o l  p r o c e s s  f o r  cadmium 
impregnation,  b u t  w e  do n o t  g e t  as good r e s u l t s ,  o r  we 
h a v e n ' t  y e t ,  a s  w e  do wi th  t h e  p o s i t i v e  imprsgnat ion .  

I n  t h e  a n o d i c  r e a c t i o n ,  i n  o u r  p r o c e s s ,  are t h a t  
t h e  n i c k e l  and t h e  cadmium go to  t h e  anodes a r e  o x i d i z e d  
t o  t h e  i o n  and i n  t h e  a l c o h o l  you g e t  a ldehydes  and a c e t i c  
a c i d  i n  C02 form. C02 can  b e  i n  t h e  form of a c a r b o n a t e ,  
too. 

The bulk  r e a c t i o n  you g e t  esters. This  i s  e v i -  
denced from t h e  smell of t h e  s o l u t i c ~ .  It smells vezy 
f r u i t y .  Comparing t h i s  w i t h  t h e  B e l l  p r o c e s s  you g e t  t h e  
hydrogen which is  genera ted  a t  the  anode, i s  consumed by 
t h e  n i t r i t e  i n  t h e  bulk  s o l u t i o n .  

The n e g a t i v c  p r o c e s s  t h a t  w e  use  is  s imply  t o  
h e a t  a n  aqueous s o l u t i o n  to  b o i l i n g  and make it t w o  molar 
i n  cadmium and n i t r i t e  and use  cadmium anodes and c a t h o d i z e  
a t  1.6 amps p e r  s q u a r e  inch .  

W e  can  l o a d  a plaque i n  a b o u t  t e n  minutes  t o  a 
l o a d i n g  of somewhere betwem 1.8 t o  1.9 grams p e r  cc o f  
void .  We would l i k e  t o  do b e t t e r  t h a n  t h i s  and w e  s t i l l  
h a v e n ' t  f u l l y  developed t o  o u r  s a t i s f a c t i o n .  

F i r s t  l e t  m e  show you some o f  t h e  l o a d i n g s  t h a t  
w e  do g e t  w i t h  the p o s i t i v e  p l a t e ,  though. 

( S l i d e  5 4 . )  

This  is from l o a d i n g  o b t a i n e d  on a beaker  pro- 
d u c t i o n  b a s i s .  You c a n  see w e  g e t  a b o u t  1.35 t o  1.89 t o  
2.21 grams of a c t i v e  m a t e r i a l  p e r  cc of v o i d  i n  the loading.  
There is a s l i g h t  i n c r e a s e  i n  t h e  t h i c k n e s s ,  a s  you can  see, 
t h i s  is  from 1 t o  2 m i l s .  

( S l i d e  55.) 



AFAPL POSlTlVt PUTE IMPREGNATION PROCEDURE 

L Bat  % ethanol rolution, t h l  has bwn mado L8 molar In 
Nlckel Nitrate and G. 2 molar in C W t  Nitrate, to 80-85%. 

2 Immerse nickel plaqt:e (85* 2% porous1 and make cathodic 
urlng 200 or 270 hickel h d e s  

3. Pass current at 0.35 to (1% ampcns per y w r e  Inch of 
elatrode lor one to two hours. 

4 Rinse plaque several times In Dl water. 

5. Dry at 35% in  vxuum oven for c ,  or mom hours then 
weigh. 

LOADIX CHh.'ACTERISTICS OF NICKEL HYDROXIDE EUCTRODES 

IMPREGNAKO FROM tl%NOL WLUllONS 

(3" x 3" plaques coinud 0.010 x 0. lo" on all N e s l  

Plque Wt. After I'rt. of Thickness Thrk- $1. ol 
I Impreg. Actwe Before ( ln l  nels k t l ve  Mt l .  

Igrdmrl Mall. (gmsl -- Alter (in) prr cc of= 

1 1 1  535 5.101 0. lQZ0 0.0239 2.21 

6 (Optionall Cycle plaque at One hour r8h chwge - one hou? d i n h a g  
discharge for 20 or more cycler. 

FIGURE 64 

FIGURE 52 

- 
mu - mu* + 2.- 
C d -  a*+2; - 
C?H5w I Qi,m + 2If + 2.' 
y y H + ~ O  - CH~CODH+WI++~C 

C2H50H + 3$0 - 2% + d + 8.- 

PERFORMANCE OF NICE1 HYDROXIDE NCTRODES 
IMPREGNATED FROM ElHANOL SOLUTIONS 

FIGURE 66 

FIGURE 63 



On t h e  n e x t  s l ide  I have a summary o f  some of 
t h e  performance c h a r a c t e r i s t i c s  of t h e  p o s i t i v e  p l a t e s .  
These were taken  from p o s i t i v e  l i m i t e d  cells.  These a r e  
e i t h e r  3 or 5 p l a t e  cells. F i r s t  two came from a 3 -p la te  
ce l l  and t h e  l a s t  4 p l a t e s  were from a n o t h e r  cell .  

You can  see t h e  ampere hours  p e r  cc o f  v o i d  i s  
rough ly  a b o u t  9 t o  1 0  and t h e  ampere hours  p e r  c u b i c  inch  
measured a f t e r  20 c y c l e s  is between 7 and 8.  

The p e r c e n t  u t i l i z a t i o n  r u n s  a s  h igh  a s  1 1 2  pe r -  
c e n t .  This  is based simply on t h e  l o a d i n g  and c o n s i d e r i n g  
bo th  n i c k e l  and c o a b l t  hydroxide t o  be a c t i v e  m a t e r i a l .  

Condi t ions  a t  which t h e s e  d a t a  were taken  a r e  
shown. These were given 20 charge-discharge  c y c l e s  a t  2.5 
amp charge t o  120 p e r c e n t  o f  t h e o r e t i c a l  c a p a c i t y ,  then  
d i scharged  a t  2.5 amps. 

We have a c t u a l l y  done b e t t e r  t h a n  t h i s  on sca le -up  
and t h i s  d a t a  is  shcwn on t h e  n e x t  s l i d e ,  

( S l i d e  56 . )  

W e  have s c a l e d  t h e  p rocess  up to  impregnetion of 
four 9-112 by 8-1/4 30 m i l l  p l a q ~ c s .  These a r e  a l l  con- 
nec ted  i n  p a r a l l c l  and n i c k e l  anodes are used i n  a l a r g e  
impregnation tank. 

The impregnation t a n k  is polypropylene and is 
h e a t e d  by c i r c u l a t i n g  t h e  impregnate s o l u t i o n  through a 
r e s i s t a n c e  h e a t e r ,  t h e n  back i 3 t o  t h e  tank,  and then  is 
brought  t o  t h e  b o i l i n g  p o i n t  w i t h  immersion h e a t e r s .  

Once you t u r n  on t h e  immerse e l e c t r o d e s  and t u r n  
on  t h e  c u r r e n t ,  t h e  t empera tu re  !,s maintained.  

A s  you can  see i n  o u r  f i rs t  impregnation w e  
o b t a i n e d  a l o a d i n g  of a b o u t  7 ampere hours  p e r  c u b i c  i n c h  
t h e o r e t i c a l .  These p l a t e s  were taken and made i n t o  cells 
which occupied  a volume o f  about the same as  a 22 ampere 
hour a i r c r a f t  ce l l ,  and I have c y c l e  l i f e  d a t a  which I w i l l  
show on t h o s e ,  

( S l i d e  57 . )  

As you can  see from the l a s t  d a t a  t h a t  I had 
t h e r e  I g o t  on t h e  f o u r t h  l o a d i n g  t h a t  w e  had we g o t  as 
high  as 9 ampere hours  per c u b i c  i n c h  theoretical load ins .  



This  is  some c a p a c i t y  d a t a  v e r s u s  c y c l e  l i f e  of t h e  nega- 
t i v e  p l a t e s  t h a t  w e  make. 

The A and B h e r e  a r e  p l a t e s  t a k e n  from a i r c r a f t  
cel ls  having t h e  same volume as our  e l e c t r o d e .  

You can  r e a d i l y  d e t e c t  t h a t  t h e  f a d i n g  i n  cap-  
a c i t y  w i t h  t h e  o t h e r  e l e c t i o d e s ,  whereas t h e  e lec t rochemi-  
c a l l y  impregnated e l e c t r o d e  s t a y s  f a i i l y  c o n s t a n t ,  and t h i s  
i s  i n  s u p p o r t  o f  what D r .  t lo l leck  said i n  h i s  p r e s e n t a t i o n .  

( S l i d e  5 8 . )  

What I have h e r e  is c a p a c i t y  d a t a ,  a charge  
e f f i c i e n c y  v e r s u s  s t a t e  o f  cha rge  f o r  22 ampere hour a i r -  
craf t  cells.  

This  d a t a  was taken by D r .  Lander a b o u t  two y e a r s  
ago for a i r c r a f t  cells r i g h t  o u t  o f  A i r  Force  stock and it 
was made i n  o r d e r  t o  determine  t h e  optimum c h a r g i n g  f o r  
cel ls  w i t h o u t  going i n t o  overcharge .  

I?e have run  s i m i l a r  d a t a  f o r  our cells and t h e s e  
are shown on the n e x t  vugraph. You w i l l  n o t i c e  t h a t  t h e  
l i n e s  a r e  v e r y  s t r a i g h t  i n  comparison w i t h  t h e  a i r c r a f t  cel ls  
and c o a p a r i s o n  o f  bo th  t h e s e  d a t a  is g iven  on t h e  n e x t  s l i d e .  

You can see t h a t  w e  do g e t  a n  improved charg ing  
e f f i c i e n c y  w i t h  t h e  cel ls  made from t h i s  p r o c e s s  a t  the 
h i g h e r  t empera tu res .  Th i s  is a c o n s t a n t  problem i n  A i r  Force  
a p p l i c a t i o n s ,  g e t t i n g  t h e  charg ing  t o  a n  a i r c r a f t  b a t t e r y  
a t  h igh  t empera tu res  exper ienced i n  p l a c e s  such  as  Texas and 
Arizona d u r i n g  t h e  summertime. 

These cel ls  w e  c y c l e d  a f t e r  w e  e s t a b l i s h e d  t h i s  
data.We c y c l e d  them a t  110° F a h r e n h e i t  t o  f a i l u r e s .  W e  observed 
750 c y c i e s  a t  100  p e r c e n t  d e p t h  of d i s c h a r g e  b e f o r e  f a i l u r e  
and one cell  f a i l e d  by t h e  a c t i v e  m a t e r i a l  coming o u t  of t h o  
p o ~ i t i v e  p l a t e  and s h o r t i n g  t h e  cell. 

One l a y e r  of P e l l o n  s e p a r a t o r  w a s  used he re .  

I n  comparison your aircraft  cells w i l l  exper ience  
somewhere between 500 and 650 c y c l e s  under these c o n d i t i o n s .  

That  i s ,  e s s e n t i a l 1  y , what f have t o  p r e s e n t .  

I have a picture showrny t h e  impregnation p r o c e s s  
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w i t h  sca le-up.  

Those a r e  t h e  p laques  h e r e  t h a t  he is  p u t t i n g  
i n  a tank,  and t h e s e  are t h e  n i c k e l  anodes used. Then 
t h e  s o l u t i o n  is h e a t e d  by c i r c u l a t i n g  it ,':irrough t h i s  
h e a t e r  he re .  

HALPERT: Are t h e r e  any q u e s t i o n s  for David 
a b o u t  t h i s  process?  

PARX: The o n l y  q u e s t i o n  w a s ,  on t h e  35,000 c y c l e  
what was t h e  dep th  o f  d i scharge?  

PICKETT: There was 750 c y c l e s ,  sir, and those 
were one hundred p e r c e n t  dep th  o f  Zischarge .  

PARX: Pardon m e ,  b u t  I thought  I saw one curve  on 
t h e  a b s c i s s a  % h a t  looked l i k e  35,000 t o  me. 

PICKETT: N o ,  t h a t  was ampere hour c a p a c i t y .  

PARRY: IIow l o n g  do t h e  n i c k e l  anodes last? 

PICKETT: Depends on  hat you use for t h e  anodes. 
If you u s e  200 n i c k e l  it w i l l  go q u i t e  r e a d i l y .  If you use  
280 they  w i l l  l a s t  q u i t e  a long t i m e .  

PARRY: D o  you a n t i c i p a t e  this would be a problem 
i n  sca le -up  or g e n e r a l  p r a c t i c e  o f  t h i s  procedure? 

PICKETT: It cou ld  be a boon i f  you can p u t  your 
n i c k e l  back i n  t h e  s o l u t i o n  w i t h  anodes. 

GASTON: What charge  regime d i d  you use  i n  g e t t i n g  
t h e  750 c y c l e s ?  

PICKETT: Constant  p o t e n t i a l  cha rge  a t  1.7 volts.  
Discharge a t  a b o u t  one hour  r a t e .  

BELOVE: When you were comparing cells, one  of 
t h e  cells you tested had one l a y e r  o f  i?el lon? 

PICKETT: Both had one  layer of P e l l o n  for 
s e p a r a t o r .  

BELOW: When you mentioned standard aircraft 
batteries g e n e r a l l y  used two or t h r e e  l a y e r s  of s e p a r a t o r  -- 



PICKETT: That f6 r i g h t .  

BELOVE: -- s o  t h a t  when you were comparing t h e  
two weren ' t  you comparing b a t t e r i e s  w i th  t h r e e  l a y e r s  t n  

1 
b a t t e r i e s  of one layer?  

PICKETT: To some e x t e n t ,  yes. I 
BELOVE: If you were using one l a y e r  of  Pe l lon ,  

would you expect  t o  be a b l e  t o  do cons t an t  p o t e n t i a l  charg- 
i n s  f o r  long per iods  of time without  running i n t o  thermal 
runaway? 

PICYXTT: Well, w e  c o n t r o l  t h e  charge vo l tage  
very w e l l  on t hese  and watch them ve ry  c a r e f u l l y .  

BELOVE: Y e s ,  I know, un l ike  t h e  uncontrol l?d 
vo l t age  onboard a i r c r a f t .  

PICKETT: Right. 

L e t  m e  add one more t h i n g  t o  M r .  Belove's  comment. 
We are t r y i n g  t o  c y c l e  t h e s e  under condi t ions  t h a t  a i r c r a f t  
c e l l  experiences.  

BELOVE: I missed t h a t .  

PICKEyT: We wore t r y i n g  to charge these t h e  way 
a i r c r a f t  cells a r e  charged, is t h e  reason w e  use t h e  cons t an t  % -... 

p o t e n t i a l  charge. 

BELOVE: Yes, I agree the re .  But you see where 
I d i sagree  is t h i s :  you were using 1.7 v o l t s ,  which is  gen- 
e r a l l y  much higher than what is used onboard a i r c r a f t .  

PICKETT: Yes, t h a t  i s  r i g h t .  

DELOVE: It is a worse condi t ion ,  I w i l l  g r a n t  you 
t h a t ,  and t h a t  is  why I mentioned t h e  f a c t  t h a t  i f  you had 
gone on t o  overcharging you would have run i n t o  a g r e a t  d e a l  
of d i f f i c u l t y .  

PICKETT: Right. 

KLEIN: What type of n i c k e l  plaque were you us ing  
the re ,  anything spac i a l ?  

PICKETT: No, there is nothing special about t h e  



' plaque ,  I w i l l  a s s u r e  you of t h a t .  I t  i a  s t a n d a r d  pro-  
d u c t i o n  p laque  made by Eagle-Picher .  I d o n ' t  t h i n k  t h e r e  
is  any th ing  s p e c i a l  abou t  itr is  t h e r e ,  E a r l ?  

(Laughter .  ) 

PICKETT: Eighty-f i v e  p e r c e n t  p o r o s i t y  p laque .  

HALPERT: Anyone e l s e ?  

MAURER: What pH do you have i n  a v a t ?  

PICKETT: Well, i n  an  e t h a n o l  s o l u t i o n  -- now, 
t h i s  bacomes a complex 1.rollem because you can no lo5ger  u s e  
pH as a scale for a c i d i t y .  We have measuree the FX, b u t  
what you ge t  i n  number you have a hell-a-va pH meter, it i s  
n o t  a c t u a l l y  pH. I t  is j u s t  a numter. On a pH s c a l e  t h i s  
roughly  i s  somewhere between 2 and 3 t o  s t a r t  w i t h ,  and a t  
t h e  end it is a b o u t  5. 

The n e g a t i v e  imnregnatidn,  we d o n ' t  bother t o  pIi 
it a t  a l l .  

HALPERT: Anyone e 1 se? 

(NO response .  ) 

IIALPr:IIT: Thank ycu, David. 

HALPERT: Our n e x t  speaker  t h i s  a f t e r n o o n  has  
done a g r e a t  b i t  of work w i t h  p rocess  v a r i a b l e s  i n  t h e  p laque  
work and impregnation work a t  Eagle-Picher .  L e e  Miller w i l l  
summarize tho p r o c e s s  v a r i a b l e  s t u d y  progrem. 

MILLER: I was j u s t  r e c e n t l y  informed t h a t  I had 
15 minutes t o  make t h i s  paper i n  and i t  r e a l l y  should  have 
Laken m e  a b o u t  45 minutes,  so I w i l l  have t o  move r i g h t  along.  

The purpose of  my paper  today is t o  b r i e f l y  sum- 
marize a t w o  y e a r  program which w e  have t i t l e d  a "Study o f  
P rocess  V a r i a b l e s  Associa ted  With Manufacturing i ie rmct ica l ly-  
Sca led  Nickel-Cadmium C e l l s . "  The program r e s u l t e d  from 
NASA/GSFC Contrdck No. NASS-2lL59 Kr. Floyd Ford s e r v e d  as 
t h e  t e c h n i c a l  monikur, and I would l i k e  to  t a k e  this oppor- 
t u n i t y  t o  express o u r  a ~ ~ p r e c i a t i o n  f o r  h i e  guid,ance and 
s u g g e s t i o n s  r e l a t i n g  n o t  on ly  to  program d i r e c t i m ,  b u t  a l s o  
t o  i n t e r p r e t a t i o n  an8 presentation of r e e u l t s  i n  the publ i shed  
r e p o r t s .  



The o v e r a l l  o b j e c t i v e  of che program w a s  to  
develop process procedures and c o n t r o l s  f o r  manufacturing 
nickel-cadmium aerospace type cells w i t h  r e l i a b l e  f i v e  year  
l i f e  c a p a b i l i t i e s .  

The philosophy of our  approach t o  m e e t  t h e  s t a t e d  
ob jec t ive  assumed our  p re sen t  manufacturing s ta te-of- the-  
a r t  w a s  capable of producing c e l l s  which would meet f i v e  year  
l i f e  requirements. However, t o  do s o  r e l i a b l y  would r e q u i r e  
s i g n i f i c a n t  improvement i n  product uniformity.  With an 
emphasis then on def in ing  and c o n t r o l l i n g  process  v a r i a b l e s  
which have a s i g n i f i c a n t  e f f e c t  upon manufacturing, the 
scope of work f o r  t h e  program was div ided  i n t o  t h e  following 
four  phases. 

Phase I cons i s t ed  of a d e t a i l e d  a n a l y s i s  of our  
manufacturing procedures i n  conjunction with  a review of t h e  
a v a i l a b l e  p e r t i n e n t  literature c o n c e r n i ~ g  nickel-cadmium 
c e l l  manufacturing. The o b j e c t i v e  of t h i s  phase w a s  t o  
a s se s s  t h e  c r i t i c a l  p rocess  v a r i a b l e s  a s soc i a t ed  wi th  t h e  
manufacturing process. 

Phase I1 involved t h e  design and performance of 
experiments t o  v e r i f y  and measure e f f e c t s  of the proccss 
va r i ab l e s  s e l ec t ed  f o r  i n v e s t i g a t i o n  i n  Phase I and poss ib ly  
i d e n t i f y  and measure a d d i t i o n a l  process var iab les .  

Phase 111 cons i s t ed  of t h e  prepara t ion  of  manu- 
f ac tu r ing ,  procurement, and q u l i t y  c o n t r o l  s p e c i f i c a t i o n s  
r e f l e c t i n g  t h e  con t ro l s  and improvements suggested i n  the 
previous phases. 

The f i n a l  phase, Phase I V ,  which is  n o t  y e t  com- 
p l e t e ,  w i l l  involve t h e  implementation and "prove o u t "  of 
Phases I through 111. C e l l s  w i l l  be f ab r i ca t ed ,  t e s t e d  
and de l ivered ,  incorpora t ing  t h e  a d v a c e s  i n  t h e  manufactur- 
i ng  s ta te -of - the-a r t  evolved from t h e  t o t a l  program. 

A s  a r e s u l t  o f  t h e  s i z e  and length  of t h i s  pro- 
gram, t h i s  paper w i l l  be p r imar i ly  concerned only wi th  Phase 
11, or the  a c t u a l  experimental  work performed. 

(S l ide  60.)  

W e  used a new s t a t i s t i c a l  technique i n  t h i s  pro- 
gram which w e  c a l l  a regress ion  ana lys i s .  I t  o f f e r s  advant- 
ages t h a t  i n  many of t hese  experiments you have a g r e a t  dea l ,  
or  a l a r g e  number of v a r i a b l e s  e f f e c t i n g  a p a r t i c u l a r  response,  
l i k e  impregnation, pick-up weight, maybe a func t ion  of s o l u t i o n ,  



s p e c i f i c  g r a v i t y ,  hea t ,  t i m e  impregnation, whether it is 
i n  a vacuum, and s o  f o r t h .  

The r e s u l t s  of t h e  r eg re s s ion  p re sen t s  what w e  
ca l l  a r eg re s s ion  equat ion,  and through t h e  i n t e r p r e t a t i o n  
of t h e  coe f f i c i en t s ,  i n  t h i s  ca se  b, c, d  through N,  t h e  
r eg re s s ion  determines the e f f e c t  upon t h e  X v a r i a b l e s  on 
t h e  Y of  i n t e r e s t .  

The f i r s t  a r ea  of s tudy w e  c a l l  t h e  s i n t e r e d  
plaque process  s tudy,  and t h i s  photograph j u s t  simply pre-  
s e n t s  our f a c i l i t i e s .  A t  t h e  l e f t  you have a plaque forming 
area. I n  t h e  middle t h e r e  t h e  incendiary furnace and t h e  
cool ing zones. I n  t h e  background i s  t h e  atmospheric genera- 
t i o n  o r  t h e  reducing atmospheric genera t ion  eqdpment .  

(S l ide  61.) 

W e  a l s o  use t h e  f r a c t i o n a l  f a c t o r i a l  des igns  
t h a t  have been mentioned previously ,  t o  determine what var- 
i a b l e s  and what l e v e l s  of v a r i a b l e s  would be  i nves t iga t ed ,  
and i n  t h i s  ca se  w e  chose t w o  l e v e l s .  

You see here  t h e r e  are seven v a r i a b l e s  i n  t h e  
s i n t e r e d  plaque process and t 5 e y  were a l l  regressed a g a i n s t  
two responses shown below with  plaque s t r e n g t h  and r l s q u e  
void. 

(S l ide  62.) 

This is our  four  p o i n t  b in  tester f o r  making t h e  
plaque mechanical s tream eva lua t ions .  The sample is  placed 
i n t o  t h e  a r e a  i n  t h e  upper po r t i on  of  t h e  photograph and t h e  
arm t h e r e  moves down and app l i e s  p re s su re  to  t h e  load cel l  
and it is  recorded on t h i s  c h a r t  on t h e  lower lef t -hand 
L- :ner of t h e  photograph. 

(S l ide  63.)  

This summarizes t h e  r e s u l t s  of t h e  regress ion  
a n a l y s i s  on t h e  s i n t e r e d  plaque process  study.  

I am j u s t  including these  i n  here  s o  t h a t  a t  t h e  
end of t h e  proceedings anyone who has some s p e c i a l  i n t e r e s t  
i n  them can then go over them l e i s u r e l y .  





(S l ide  6 4 . )  

Besides i n d i c a t i n g  a number of a r e a s  t h a t  
required a d d i t i o n a l  c o n t r o l  on our s i n t e r e d  plaque process ,  
w e  a l s o  i n  regress ion  i d e n t i f i e d  t h a t  t h e r e  was s i g n i f i c a n t  
v a r i a b i l i t y  wi th in  any p a r t i c u l a r  plaque. We f e l t  t h a t  
t h i s  was introduced t o  our hand forming opera t ion  i n  which 
an opera tor  j u s t  a c t u a l l y  fcrm t h e  dry s i n t e r e d  powder plaque 
before  it was s i n t c r e d .  

This system here  was r e f e r r e d  t o  as a semi- 
automatic plaque forming t o o  soon. I t  was a s u b j e c t  of a 
paper l a s t  year by M r .  Bob Howard. 

What it does is t a k e  a l l  t h e  v a r i a b i l i t y  t h a t  is 
introduced by t h e  hand opera t ion  system. 

You have up above ou r  d r a i n  device  which meters 
a s p e c i f i c  amount of t h e  d ry  powder and then your arm which 
a c t u a l l y  forms t h e  plaque,  which moves down on these r a i l s ,  
are c o n t r o l l e r  under extremely mechanical t o l e r ances  t o  g ive  
you a uniform plaque each t i m e .  

(S l ide  6 5 . )  

The next  a r e a  of  study r e f e r r e d  to  is t h e  
impregnation/polarizatim and formation i n  our  research  and 
development a rea .  This shows i n  t h e  lower lef t -hand corner  
t h e  r e s e r v o i r  t anks ,  t h e  smal le r  of t h e  two l a r g e  tanks  
there is  t h e  impregnation/polarization, and t h e  l a r g e r  tanks  
t h e  formation. A l s c  t h e  ionized water  column system. I n  
t h e  background we have t h e  power systems f o r  p o l a r i z a t i o n  
and formation. 

(S l ide  66.) 

This is t h e  f r a c t i o n a l  f a c t o r i a l  des ign exper i -  
ment f o r  t h e  impregnation/polaritation process s tudy.  I n  
t h i s  case  w e  looked a t  2 1  va r i ab l e s  and t h e  r e s u l t s  were 
regressed  a g a i n s t  t h i s  lower v a r i a b l e ,  t h i s  number 21. There 
were t h r e e  plaques s e l e c t e d  from t h e  previous s i n t e r  plaque 
process study.  Using t h e  information gained from t h e  regress -  
i o n  w e  fabrici..!.c*d t h r e e  groups of plaques. 

One, was t h e  low void high s t r eng th ,  medium void  
medium s t r e n g t h ,  and high s t r e n g t h  low void.  Had these  para-  
meters and were placed i n t o  t h e  impregnation/polarization 
experiment t o  determine the e f f e c t  of t h e  plaque cha rac t e r -  
i s t i c s .  



Responses are impregnated pick-up weight, 
e l e c t r i c a l  capac i ty  and plaque cha rac t e r i za t ion .  

c h a r a c t e r i z a t i o n  i s  r e a l l y  a sub jec t ive  es t imate  
of eva lua t ion  of t h e  p laque ' s  physical  appearance. I f  it 
w a s  smooth, no c racks ,  uniform appearance, w e  gave t h i s  a 
high r a t i n g  and a low r a t i n g  f o r  j u s t  t he  opposi te .  

(S l ide  67.) 

Here are t h e  r e s u l t s , ' t h e  regress ion  r e s u l t s  f o r  
t h i s  phase of t h e  program. Again, I w i l l  j u s t  l e t  you read  
those  your se l f ,  and the d a t a  w i l l  he a v a i l a b l e  i n  t h e  pro- 
ceedings of t h i s  conference. 

(S l ide  68.) 

The l a s t  a r e a  c f  s tudy which we used r eg re s s ion  
ana lys i s  f r a c t i o n a l  f a c t o r i s 1  design experiment technique 
on was t h e  formation process.  I n  our manufacturing process 
w e  have a s t e p  which we r e f e r  t o  as formation, i n  which w e  
a c t u a l l y  overcharge t h e  plaques and potassium hydroxide 
aga ins t  e l ec t rodes  t o  e f f e c t  e lect rochemical  c lean ing  process.  

Again, you see the t h r e e  v a r i a b l e s  of i n t e r e s t  
i n  t h e  l e v e l s  s e l e c t e d  and t h e  responses are t h e  same as i n  
t h e  preceding experiment, except w e  are now i n t e r e s t e d  i n  
t h e  f i n a l  pick-up weight. 

(S l ide  69.) 

This i s  t h e  r e s u l t  of formation experiment and, 
again,  I w i l l  l e t  you r ead  those  and they w i l l  be a v a i l a b l e  
i n  t h e  proceedings. 

(S l ide  70 . )  

Associated wi th  t h e  formation process  is t h e  
f i n a l  plaque washing operat ion.  A t  t h i s  po in t  we designed 
t h e  r e s idua l  c a u s t i c  plaque removed i n  o rde r  t o  prevent  t h e  
subsequent carbonate formation. 

Usually t o  eva lua te  whether t h e  plaques a r e  
adequately washed, t h e  plaque is  p e r i o d i c a l l y  removed from 
t h e  process and by t h e  l a s t  d r i p  method t h e  runof f ,  t h e  pH 
of t h e  runoff ,  is measured. I f  it is approximately n e u t r a l  
or a c i d i c  we assume t h a t  t h e  washing is adequate. However, 
i n  t h e  p a s t  we have a l w y s  used p H  paper f o r  t h i s  tes t  and 
w e  experienced consiaexable dura t ions  i n  t h e  leng th  of t i m e  





requi red  l i k e  four  hours one t i m e  and twelve hours t h e  
next  time, using pH paper, 

We chose another i n d i c a t o r  which was t h e  l i q u i d  
phenol ph tha l e in  i n d i c a t o r .  T h i s  graph p re sen t s  p a r t i a l l y  
what we measured a t  t h i s  po in t .  This is  a q u a n t i t a t i v e  
measure i n  t h e  r e s i d u a l  c a u s t i c .  

A t  approximately the four  hour per iod on t h i s  
test, using pH paper, w e  measured a c i d i c  l e v e l  j u s t  s l i g h t l y  
p a s t  t h e  four  hour period.  Using t h e  phenol ph tha le in  
i n d i c a t o r  w e  could no t  measure an a c i d i c  o r  a n e u t r a l  l e v e l  
f o r  approximately 24 hours. 

I th ink  t h e  conclusions of  t h i s  are the phenol 
ph tha le in  a r e  a  much more s e n s i t i v e  i n d i c a t o r  f o r  t h i s  t e s t  
and should be  used i n  p lace  of pH paper. 

(S l ide  71.) 

We a l s o  s tud ied  carbonate contamination dur ing 
t h e  program, and I th ink  w e  have drawn b a s i c a l l y  t h e  same 
conclusions  t h a t  have a l ready  been presented here,  i n  t h a t ,  
t h e  major carbonate contamination source, a t  least Gn t h e  
i n i t i a l  phases,  a r e  from t h e  p l a t e s  themselves, We t r i e d  
s eve ra l  experiments t o  reduce t h i s  l e v e l  wi thout  t o o  much 
success ,  and up to  t h i s  p o i n t  always assumed t h a t  t h e  car- 
bonate w a s  r e a l l y  t h e  conversion of t h e  r e s i d u a l  c a u s t i c  
i n  t h e  polar izat ion/format ion experiments, b u t  we had t h e  
p l a t e s  most s p e c i f i c a l l y  analyzed f o r  potassium and sodium 
ion  and found t h a t  t h e  l e v e l  of both o; fhese  ions  was much 
t o o  low t o  j u s t i f y  t h e  assumption t h a t  r e s i d u a l  c a u s t i c  was 
a source  o f  carbonate.  

I, then,  my personal  opinion,  assume t h a t  is  
poss ib l e  t h a t  t h e  a c t i n g  ma te r i a l  i n  hydroxides i n  t h e  plaques 
do, t o  a c e r t a i n  e x t e n t ,  conver t  t o  carbonate  i n  t h e i r  
expos.are t o  t h e  atmosphere. 

We have found t h a t  by handling t h e  plaques very 
c a r e f u l l y ,  l i k e  maintaining them under water  during t h e  
impregnation/polarization process between s t e p s ,  s e a l i n g  
them i n  polyethylene,  and by experience i n  shipment and 
s to rage  and awai t ing f a b r i c a t i o n  and then d u r i ~ ~ g  f a b r i c a t i o n  
again  r e s e a l i n g  t h e  c e l l s ,  t h e  p l a t e s  and e l e c t r o d e s  t h a t  w e  
could con t ro l  and maintain carbonate  l e v e l s ,  measured down 
i n  t h e  order  o f  one t o  two percen t  p l a t e  weight.  This device  
here  was an e l e c t r o l y t e  a c t i v a t i o n  technique t h a t  was develcped, 
a s soc i a t ed  wi th  t h i s  a t tempt  t o  reduce carb,onate. 





( S l i d e  72.)  

This  drawing shows it a l i t t l e  b i t  b e t t e r ,  I 
be l i eve .  

This  refers t o  t h e  vacuum b u r e t t e  a c t i v a t i o n  
technique and it o f f e r s  advantages, i n  t h a t ,  it i s  c lo sed  
t o  t h e  atmosphere as f a r  as C02.  These bu lbs  t h a t  you see 
up h e r e  i n  t h e  r ight-hand corner  a r e  C02 abso rp t i on  bulbs .  
The system is r a t h e r  f a s t .  I can a c t i v a t e  a ce l l  i n  60 t o  
90 seconds w i th in  an accuracy o f  a h a l f  of  one pe rcen t .  

( S l i d e  73.) 

The l a s t  phase which I am going t o  d i s c u s s  today 
refers t o  t h e  pa ramet r i c  ce l l  s tudy .  I n  t h i s  group w e  
a t tempted t o  look a t  a number of s e l e c t e d  process  v e r i a b l e s  
on t h e  a c t u a l  ce l l  l e v e l .  

Going down t h e  l i s t  w e  employed, w e  sugges ted  a 
lower e l e c t r o d e  load ing  i n  c c l . 1 ~  i n  t h e  l e v e l s  i nd i ca t ed .  
They rece ived  what w e  ca l l  t h r e e  format ion cyc l e s .  

Rea l l y ,  these are 2 4  20 ampere hour c e l l s  d iv ided  
i n t o  four  pa ramet r i c  ce l l  groups. 

The second l e v e l  i s  moderate e l e c t r o d e  load ing  
a t  t h e  l e v e l s  i nd i ca t ed ,  con t a in ing  on ly  one formation cyc le .  

Backup j u s t  a second. 

The major v a r i a b l e s  t h a t  w e  looked a t  i n  t h i s  
phase of  s tudy were l i g h t  load ing  ve r su s  heavy loading,  l.ow 
formation cyc l e  ve rsus  numerous format ion cyc l e s .  We a l s o  
looked a t  vacuum d r a i n  of plaques.  We thought  t h a t  t h i s  
might be a technique f o r  reducing t h e  ca rbona te  i n  t h e  p l a t e s .  
We looked a t  r eve r s ed  p l a t e s  du r ing  format ion,  i n  o t h e r  words, 
i n s t e a d  of just overcharging we drove t h e  p l a t e s  i n t o  rever -  
sa l  t o  revo lve  t h e  adds from t h e  o t h e r  d i r e c t i o n  t o  e f f e c t  
even s u p e r i o r  c l e an  o r  t h e  p o s s i b i l i t y  t he r eo f .  

Ge t t i ng  back t o  it, group 3 was m ~ d e r a t e  e l e c t r o d e  
load ing  1 0  format ion cyc les .  

Group 4 ,  moderate e l e c t r o d e  loading,  and i n  t h i s  
case the plaques  were vacuum d r i e d  dur ing  t h e  p rocess ing .  

Group 5,  heavy e l e c t r o d e  l o ~ d i n g  l e v e l s  i nd i ca t ed ,  
t h r e e  formation cyc l e s .  



group of moderate e l ec t rode  loading,  
ucs discharged dur ing  formation. 

The f i n a l  

(S l ide  7 4 . )  

The main purpose of t he se  cells r e a l l y  is  the  
l i f e  cyc le  test  a t  Crane, and they are on t h e i r  way t h e r e  
a t  t h e  moment, b u t  w e  d i d  run some prel iminary chnrac te r iza -  
t i o n  tests, and t h i s  summarizes t h e s e  tests a t  var ious  temp- 
e r a t u r e s  . 

Auring t h e  f i r s t  7S0 test,  making some genera l  
observat ions ,  t h e  f i r s t  po in t  t h a t  was observed is  t h a t  
group 5 o r  group 4 ,  t h e  vacuum dry flax pressured r ap id ly .  
As a matter of f a c t ,  I th ink  they had t o  be taken o f f  charge,  
because they reached a l e v e l ,  o r  w e  decided to  l e t  them go 
t o  1 0 0  p s i .  

Another i t e m  on t h e r e  is t h a t  t h e  heav i ly  loaded 
plaques, group 5,  d i d  n o t  g ive  us any more capac i ty  than 
t h e  moderately loaded plaques. 

I n  t h e  32O test  it became obvious t h a t  t h e  l i g h t l y  
loaded plaqucs, group o ,  and t h e  add i t i ona l  f o m a t j o n  groups, 
group 3, had supe r io r  o r  lower vo l tage ,  charged vo l tage  
c h a r a c t e r i s t i c s ,  than t h e  o t h e r  subgroups. 

We d i d  some some h igher  p ressures  on the group 2  
and group 4 furnace tes t ,  I n  t h e  95' test,  genera l ly  t h e  
cells demonstrated higher  p re s su re s ,  except  f o r  poss ib ly  
group 3 on t h e  a d d i t i o n a l  formation cyc les ,  bu t  i n  t h i s  par-  
t i c u l a r  group t h e  charge e f f i c i e n c y  appeared t o  be q u i t e  low 
r e l a t i v e  t o  t h e  o t h e r s .  

I n  t h e  l as t  7S0 test t h e  r e s u l t s  ware f a i r l y  
similar to  t h e  f i r s t  7 S 0  tests, however, i n  t h i s  case t h e  
f l a x  , which were vacuum d r i e d  dur ing  process ing and t h e  
recombination c h a r a c t e r i s t i c s ,  have improved s i g n i f i c a n t l y .  

(S l ide  75. )  

I n  t h i s  las t  s l i d e  w e  looked a t  t h e  charge 
e f f i c i e n c y  versus  s e v e r a l  parameters. I n  t h e  f i r s t  group, 
our f i r s t  comparison, 1,ooked at t h e  75' capac i ty  versus  
t h e o r e t i c a l .  As you can see ,  group 1 l i g h t  loaded is  some- 
what i n e f f i c i e n t .  Groups 2 is very good, one formation 
cycle .  

Group 3, a d d i t i o n a l  formation cyc l e  is very poor. 
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Group 4 ,  t h e  vacuum dry f l a x  is very high 
e f f i c i e n c y .  

Group 5 the heav i ly  loadad plaques has poor 
e f f i c i e n c y  . 

Group 6 ,  r e v e r s a l  and moderate e f f i c i e n c y  . 
I n  t h e  3 2 O  capac i ty  versus  7S0 capac i ty  test, 

a l l  t h e  cells seem t o  have a f a i r l y  good e f f i c i e n c y  rela- 
t i v e  to  t h e  75. capac i ty .  

I n  the f i n a l  capac i ty  of u t i l i z a t i o n  measurement 
i n  t h e  9 S 0  tes t ,  t h e  group 3, t h e  cells which rece ived  the 
a d d i t i o n a l  formation cyc l e s ,  r e a l l y  s t and  ou t ,  i n  t h a t ,  they 
have very poor e f f i c i ency .  This is somewhat hard t o  under- 
s t a n d  . 

The next  l e v e l  of  poor e f f i c i e n c y  i n  t h e  95 .  
t e s t  is  group I, t h e  l i g b t l y  loaded plaques.  

Again, tho eva lua t ion  of t hese  cells is  n o t  com- 
p l e t e .  They are des t ined  f o r  a l i f e  c y c l e  test  a t  Crane. 

This  completes a very hu r r i ed  p r e s e n t a t i o n  o f  my 
o r i g i n a l  paper. 

HALPERT: Any ques t ions  of Lee about  h i s  atudy? 

MILLER: Looks l i k e  I danced r i g h t  around them. 

IIALPERT: Thank you, Lee. 

' (Applause.) 

HALPERTz Our nex t  speaker of  the aftexnoan has 
done some work i n  our lab under t h e  d i r e c t i o n  of Federal  
Ci ty  College wi th  Federal  C i t y  College. Cl in ton  Jones has 
been doing some work with t h e  negat ive  e l e c t r o d e  and look- 
i ng  a t  t h e  e f f e c t s  of washing t h e  nega t ive  p l a t e  wi th  charged 
active material i n  it. W e  know t h a t  t h e r e  is obviously an 
e f f e c t  of oxygc,n recombining wi th  t h e  negat ive ,  b u t  the 
ques t ion  i a ,  t o  what e x t e n t ,  and he  has  done some work t o  
show t h a t .  

I w i l l  p r e sen t  C l  enton Jones, Federa l  Ci ty  College. 

JONES; The work t h a t  we have beer. doing i n  t h i s  
p a r t i c u l a r  area was tak ing  some p l a t e s  and charging 



them and discharging them under d i f f e r e n t  condi t ions .  

(S l ide  76 .) 

Now, we ran  four  d i f f e r e n t  tests t h a t  you can see here .  

To begin wi th  t h e  p l a t e s  were formed and t h a t  
charged a t  a . 3  amp hcur r a t e  f o r  a  per iod of 1 . 2  hours.  
Now, t h e  t o t a l  i npu t  of those  p a r t i c u l a r  p l a t e s  were 3.87, 
a s  you can see  i n  t h e  corner  here.  

The p l a t e s  were divided i n t o  two sec t ions .  One 
s e c t i o n  was washed i n  deionized water;  d r i e d  i n  a  vacuum 
oven o r  open atmosphere type.  They were washed f o r  a per iod of 
one hour, they were d r i e d  overnight .  

The remaining ha l f  s tayed i n ,  what they were 
charged i n .  

Af t e r  drying overnight  t h e  p l a t e s  were taken,  
pu t  back i n t o  t h e  c e l l  and continued t o  discharge.  

We found t h a t  t h e  ones t h a t  were washed, t h e  t o t a l  
ou tpu t  was 2.37. The ones t h a t  remained i n  t h e  c e l l  and 
were never removed were 3.42, which shows t h a t  there i s  
some loss i n  capac i ty  due t o  t h a t  p a r t i c u l a r  condi t ion .  

The second test  w e  r an  were t h e  same procedures 
again .  They were charged f o r  1 . 2  hours ,  d iv ided  i n t o  two 
s e c t i o n s ,  and again  they were washed i n  deionized water.  
This  p a r t i c u l a r  t i m e  it was i n  a con t ro l l ed  atmosphere 
chamber where t h e  deionized water was p r a c t i c a l l y  0 f r e e ,  
we bubbled n i t rogen  through it f o r  a per iod of a  ha ? f hour 
p r i o r  t o  pu t t i ng  t h e  p l a t e s  i n  it. This  was done f o r  a 
per iod of one hour. 

Again, t h e  p l a t e s  were taken o u t  of t h e  wash, 
d r i e d  i n s i d e  t h e  chamber overnight .  The following morning 
they  were taken ou t ,  pu t  back i n  the  cel l  and aga in  dis- 
charged. 

Here we see t h e  d i f f e r e n c e  of 3.8, 3.48 f o r  t h e  
c e l l s  t h a t  were washed under t h e s e  condi t ions ,  and 3.69 f o r  
t h e  ones t h a t  remained wi th in  t h e  c e l l .  
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The t h i r d  test,  again  it was t h e  same, charged 
f o r  1.2 hours,  Again they were washed i n  deionized water 
i n  a con t ro l l ed  atmosphere chamber, b u t  t h i s  p a r t i c u l a r  
t i m e  w e  t r i e d  t o  c r e a t e  a s i t u a t i o n  where they were washed, 
wi th  a continuous flow of  
deionized water,  where the water is flowing cons t an t ly  over 
t h e  p l a t e .  To check t o  see i f  they were s u f f i c i e n t l y  washed 
o r  if a l l  t h e  e l e c t r o t y l e  w e r e  washed ou t ,  w e  used phenol 
ph tha le in  as an i n d i c a t o r  and w e  would t a k e  t h e  p l a t e s  and 
with  a drop of  t h e  water o f f  them, i f  t h e r e  w a s  no c o l o r  then 
w e  assumed t h a t  a11 of t h e  e l e c t r o l y t e  had been removed by 
t h e  washer. This took a per iod of about ha l f  an hour f o r  
t h i s  to occur. 

A f t e r ,  when t h e  p l a t e s  were i n  the chamber, they 
were allowed t o  dry overn igh t  and t h e  foilowing morning w e  
discharged them, A s  you can see ,  w e  have a t o t a l  i npu t  of 
3.87, The p l a t e s  t h a t  were washed 2.35 and the ones t h a t  
remained i n  t h e  cel l  were 3.50. 

The l as t  and f i n a l  test, w e  wanted t o  check t o  
see what, i f  any, e f f e c t  d ischarging t h e  p l a t e s  p r i o r  t o  wash- 
ing them or discharging them p a r t i a l l y  p r i o r  t o  washing them. 
This p a r t i c u l a r  t i n e  we charged t h e  p l a t e s  for 2.4 hours,  
a t o t a l  i n p u t  o f  7.50. We discharged them a t  the same r a t e  
which w a s  -3. I w i l l  leave t h e  charge imd discharge  a t  .3 
ampere hours down t o  3.75. 

Then t h e  p l a t e s  were p u t  i n  a c o n t r o l l e d  atmosphere 
chamber, washed i n  deionized water ,  as before ,  wi th  a con- 
t inuous flow i n  deionized water.  T k y  were t e s t e d  t o  see i f  
they were s u f f i c i e n t l y  washed by t h e  same method as before  
by using t h e  phenol ph tha le in  i n d i c a t o r  and dropping it o f f  
t h e  p l a t e s ,  and t h i s  took a per iod  of  about a h a l f  hour. 
Again, they were allowed t o  dry overnight  i n  t h e  chamber - 
and were discharged t h e  following morning, 

So t h e  t o t a l  i n p u t  t h a t  w e  had a t  t h e  p a r t i c u l a r  
t i m e  was 3.75. As t o  t!!e washed ones w e  took o u t  a t  2.28, and 
t h e  ones t h a t  remained i n  t h e  cel l  were 3.32. 

Now,  from those  p a r t i c u l a r  tests w e  conclude t h a t  
t h e  pzesence of oxygen has a d i r e c t  r o l e  i n  t h e  amount of out-  
pu t  t h a t  we received from t h e  p l a t e s .  

Now, the f i r s t  condi t ion ,  I guess, from about 20 
t o  30 percent  of what the o r i g i n a l  i n p u t  was. 

The second where t h e r e  was p r a c t i c a l l y  02 free w e  g e t  
approximately 90 percen t  of  what was put  i n .  



The t h i r d  where t h e r e  was oxygen only wi th in  
t h e  water ,  i n  t h e  deionized water t h a t  w e  used, w e  g o t  about 
30 to 40 percen t  of t h e  t o t a l .  

The l a s t  one was approximately t h e  same, about 
from 35 t o  40 percen t ,  O f  t h e  t o t a l  i npu t  of t h e  amount w e  
p u t  i n  t h e r e  was about  40 percen t  of t h e  ones w e  washed. 

So i n  genera l  conclusion,  I wauld say t h a t  the 
presence of oxygen i n  t h e  charging and washing and discharg- 
i n g  of those p a r t i c u l a r  p l a t e s  d e f i n i t e l y  played a r o l e .  
The places where t h e r e  w a s  l i t t l e  oxygen t h e  i npu t  w a s  
c l o s e  to t h e  amount w e  rece ived  o u t  of unwashed cells. 

HALPERT: Thank you, C l  enton. 

Are there any ques t ions  f o r  Clenton? 

(No response.  ) 

GASTON: I th ink  t h e  key th ing  he re  is  n o t  only  
the f a c t  t h a t  oxygen obviously e f f e c t s  t h e  charge nega t ive ,  
b u t  t o  t h e  e x t e n t  t o  which it i s  e f f e c t e d  i n  a ha l f  hour of  
washing i n  n i t rogen- f ree  water  and drying for a n  overn igh t  
per iod w e  s t i l l  r e t a i n  90 percen t  of t h e  charged a c t i v e  
ma te r i a l .  I n  t h e  o t h e r  c a s e  almost  70 percen t  a f t e r  washing, 
we still h?.d charged nega t ive  material i n  t h e  plate. 

HALPERT : Thank you, Clenton . 
(Applause.) 

HALPERT: Steve Gaston would l i k e  t o  speak on t h e  
s u b j e c t  o f  e l e c t r o d e  weight and th ickness  from some stat is-  
t i c a l  da t a ,  and he a l s o  has  some d iscuss ion  about e l e c t r o l y t e  
f i l l i n g .  

While he is s t i l l  up here we w i l l  have him con- 
t i n u e  on both subjects. 

GASTON: Could I have t h e  f i r s t  s l i d e ,  p lease .  

(S l ide  77. )  

What I have is a s h o r t  summary of some hundred 
amp hour e l ec t rodes  which were made i n  us ing t h e  semi-automatic 
plaque lay ing  process for Eagle-Picher, and I th ink  it was 
d i scussed  a t  t h e  last workshop meeting. 



If you use  t h a t  process  and the process  var-  
i a b l e  s t u d i e s  i n p u t  t o  make the hundred ampere e l e c t r o d e s ,  
t h e  f i r s t  group of  one hundred ampere hour e l e c t r o d e s  which 
came o u t  from t h e  semi-automated plaque lay ing  process ,  
which is designated as development group 3, w e  have a later  
group which w e  haven ' t  analyzed y e t ,  w e  have two types  of 
e l ec t rodes .  

We have two types  of p o s i t i v e s ,  a t h i n  p o s i t i v e  
and a b a s e l i n e  pos i t i ve .  The t h i n  p o s i t i v e  is  approximately 
22 m i l s  and t h e  base l ine  is about 29 miles. The same t h i n g  
w e  have two types of nega t ive  e l e c t r o e s ,  a t h i n  and base l ine .  

We have a sample here  about  195 on t h e  t h i n  posi -  
t i v e  and w e  weigh every one of them t o  t h e  n e a r e s t  t e n t h  of 
a gram and w e  determine a mean range and a pe rcen t  to le rance .  
We d i d  this f o r  a l l  t h e  e l e c t r o d e s  and w e  g e t  t h e  same t h i n g  
on t h e  t h i ckness ,  t h e  caddy guage w a s  used by Eagle-Pichez 
and determined t h e  th ickness .  

When you compare t h e  two to l e r ances  t h e  t h i n  
nega t ives  have a l a r g e r  t o l e r ance  than  t h e  base l ine  negat ive ,  
because they are s o  much th inne r  they are a l i t t l e  more 
d e l i c a t e .  

When you compare t h e  t o l e r ances  t h e  weight t o l e r -  
ances  are r e l a t i v e l y  c l o s e  t o  t h e  th ickness  t o l e r ances ,  and 
s o  t h e r e  should be a p r e t t y  c l o s e  c o r r e l a t i o n  between both 
of  them. So t h e  d e n s i t i e s  should be p r e t t y  uniform, which 
i s  of s p e c i a l  i n t e r e s t ,  s i n c e  t h e  e l e c t r o d e s ,  I t h i n k  I men- 
t ioned  before ,  it i s  about 7 inches  by -- a c t u a l l y  it is a 
t rapezoid  design,  one dimension is 6-1/4 and t h e  o the r  one 
is  6-1/2, i t  kind of s lopes  downward, and t h e  average being 
5-7/8, and r e s u l t s  i n  about 41 .2  square  inches.  This is a 
r e l a t i v e l y  l a r g e  e l ec t rode  and w e  were concerned wi th  t h e  
uniform and dens i ty  of t h e  l a r g e r  e l ec t rode .  W e  a l s o  were 
concerned about t h e  dry process  by which they were produced 
c t  one t i m e .  There was a concern t h a t  w e  might no t  g e t  uni- 
form dens i ty .  

What is  i n t e r e s t i n g  on t h e  th ickness ,  w e  apparent ly  
can meet t h e  NASA high spec requirements p lus  or minus one 
m i l ,  because t h e  negat ives  w e  have n o t  been q u i t e  t h a t  success-  
f u l .  We have p lus  o r  minus 2 m i l s .  

I be l i eve  a n  e f f o r t  was made t o  keep t h a t  t o l e r ance  
a l i t t l e  b i t  c lo se r .  I th ink  t h i s  one w i l l  be c l o s e r .  

The genera l  r e s u l t s  I th ink  look good and I th ink  



' t h e  semi-automatic process  has r e s u l t e d ,  al though I don' t 
have t h e  da t a ,  t h e  e l e c t r o d e s  t h a t  were n-ade before ,  bu t  
t h e r e  was a problem of uniform dens i ty .  I th ink  they a r e  
coming a long very n i c e l y  i n  t h i s  respec t .  

That is  a l l  I have t o  say on t h e  e l e c t r o  d a t a  
summary. 

S h a l l  I go on t o  t h e  nex t  one, cr are t h e r e  any 
ques t ions  on t h a t ?  

RUBIN: Steve, is t h a t  d a t a  on completed e l e c t r o d e s  
o r  j u s t  t h e  plaque? 

GASTON: Completed e l ec t rodes .  

RUBIN: O f  t h a t  v a r i a t i o n  i n  weight, what f r a c t i o n  
of  t h a t  is t h e  s i n t e r  and what f r a c t i o n  o f  t h a t  i s  t h e  a c t i v e  
mater ia l?  

GASTON: I don ' t  know offhand. I would have t o  
t h ink  back, maybe I can get t h a t  information.  Offhand I d o n ' t  
know. 

RUBIN: Of t h a t  v a r i a b i l i t y  i n  the l a s t  column, is 
t h a t  r e f l e c t e d  i n  t h e  capac i ty  v a r i a b i l i t y  of  t h e  cells o r  
plaques? 

GASTON: These e l e c t r o d e s  were mixed and they were 
used i n  d i f f e r e n t  cells, s o  I cannot t e l l .  W e  d i d n ' t  keep 
them sepa ra t e .  I cannot t e l l  from t h e  capac i ty  performance 
which e l ec t rodes  were which. 

Any o t h e r  quest ions?  

( N o  response.  1 

Could I have t h e  nex t  s l i d e .  

(S l ide  78.) 

The nex t  s l i d e  r e f l e c t s ,  I don ' t  know whether it 
is a new technique,  b u t  it is  one technique which w e  es tab-  
l i s h e d  t o  g e t  a more uniform e l e c t r o l y t e  volume i n t o  cells. 

This d a t a  would sense  a number of  cells. There 
a r e  e i g h t  development cells. They had t h i n  e l e c t r o d e s ,  thez  
had base l ine  e l e c t r o d e s ,  they had nylon and polypropylene, 
and some had 17 e l e c t r o d e s ,  17 p o s i t i v e s  and 18 negat ives .  



A l l  r i -gh t ,  t h i s  i s  t h i n  p l a t e s .  We had t h e  
nylon. These are base l ine  which a r e  s tandard  p l a t e s  which 
had polypropylene, t h e  WEX 1 2 4 2 .  1 should have added a l l  
t h e  s e p a r a t o r  was washed i n  t h i s  case. 

W e  had anothei  group of t h i n  p l a t e s ,  and i n  t h i s  
case it is j u s t  an i s o l a t e d  s o r t  o f  an e l ec t rode ,  it shouldn ' t  
have any e f f e c t  on performance, and it doesn ' t .  

These are j u s t  group des igna t ions  to  keep t h e m  
c l a s s i f i e d  a s  a group. These had 1 9  p o s i t i v e s  and 20 nega- 
t i v e s .  W e  had 17 p o s i t i v e s  and 18 nega t ives  a l l  t h e  way 
through. We went as high as 20 p o s i t i v e s  and 21  negat ives .  
It is  mainly because when you have th inne r  p l a t e s  you can 
add more e l ec t rodes .  

W e  d i d  measure t h e  e l e c t r o l y t e  volume. W e  
measured t h e  f r e e  volume by ven t ing  t h e  ce l l  and using n i t r o -  
gcn gas a t  cons t an t  temperature,  s o  t h i s  would determine 
i t  was measured. 

Then t h e  nex t  column shows t h e  combined volume 
of t h e s e  two, t h e  e l e c t r o l y t e  volume and t h e  f r e e  volume. 
T h i s  is a number which was c a l c u l a t e d  before  w e  went t o  
volumetric f i l l i n g .  W e  used a percen t  weight, pe rcen t  co re  
weight o r  percen t  e l e c t r o l y t e  t o  t h e  core weight, which w a s  
a previous way of determining how much e l e c t r o l y t e  ought t o  
be added t o  t h e  cell. So t h i s  w a s  a previous way of doing 
it. 

What w e  then had done, w e  ca l cu l a t ed  t h e  i n s i d e  
cell volume. W e  sub t r ac t ed  from t h e  i n s i d e  cell volume, 
sub t r ac t ed  t h e  combined electric volume, w h i c h ' i s  t h e  free 
volume, and t h e  e l e c t r o l y t e  volume and w e  weighed t h e  core  
t o  determine t h e  core  weight of each c e l l ,  and then  w e  
ca l cu l a t ed  a core  volume dens i ty .  We found w e  have a 
r e l a t i v e l y  uniform core  volume densit.y which comes t o  about 
6.13, and t h e  s tandard  abbrev ia t ion  t o r  r e l a t i v i t y ,  and 
so based on t h a t  f o r  a l l  t h e s e  designs  w e  c a l c u l a t e d  an 
apparent  core  dens i ty  and it comes to  6.13 grams p e r  cc. 

(S l ide  79 .) 

Based oa t h a t ,  w e  came up with a number of equa- 
t i o n s ,  b u t  provided, we s a i d ,  t h e  i n s i d e  volume equa ls  t h e  
f r e e  volume, p lus  t h e  e l e c t r o l y t e  volume, p l u s  t h e  core  
volume, or t h e  i n s i d e  volume. A l l  r i g h t ,  t h i s  i s  j u s t  t h e  
shorthand. 
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For tlie hundred amp hour ce l l  w e  have 1164 cc. 
W e  use t h e  core  weight as cw, and of course  w e  have t h e  
apparent  core volume dens i ty  of 6.13 grams pe r  cc. 

Now, i f  you use equat ion one t o  determine t h e  
e l e c t r o l y t e  volume you can use  t h i s  equat ion.  T h i s  is a 
s p e c i a l  case. If you go f o r  50 percen t  free volume you can 
go to t h i s  equation.  We take  t h e  core  weight and d iv ide  
by t h i s  cons tan t  and come up wi th  an e l e c u o l y t e  volume and 
g e t  a uniform f i l l i n g .  

Could I get ba7k t o  the f i r s t  t a b l e ,  please. 

(S l ide  7 7 . )  

W e  found one t h i n g  by going to t h e  o r i g i n a l  tech- 
nique,  whereby w e  add t h e  2 1  percen t  e l e c t r o l y t e  volume t o  
core  weight, w e  came up wi th  a f r e e  volume of 50.4 percent .  
By t h i s  one here  by 50.0 which is a higher  free volume w e  
had a lower ratio core  weight. 

So w e  f e l t  t h a t  t h e  core  weight technique is not  
as accu ra t e  i n  determining what t h e  free volume is ,  and w e  
j u s t  w e d  t h i s  as a guide,  s ince  w e  have d i f f e r e n t  des igns  
and w e  cannot r e e s t a b l i s h  f o r  each design t h e  f r e e  volume. 
So w e  used this technique,  which w a s  i n  t a b l e  2 ,  as a guide 
t o  t h e  way of f i l l i n g  t h e  e l e c t r o l y t e  volume, based on t h e  
f r e e  volume, and based on t h e  i n s i d e  volume of t h e  c e l l .  

Are t h e r e  any ques t ions  on t h a t ?  

HAINES: Is t h e  performance of  your cells as 
uniform as t h e s e  f i g u r e s ?  

GASTON: Y e s .  

HALPERT: Any o t h e r  quest ions  of Steve? 

( N o  response. ) 

Thank you, Steve. 

( ~ p p l a u s e . )  
! 

HALPERT: Char l i e  Pa l anda t i ,  of  our  l abora tory ,  
has some i n t e r e s t i n g  r e s u l t s  t h a t  dea l s  wi th  a s i l v e r  z inc  
cel l ,  b u t  a c t u a l l y  involves t h e  i n t e r n a l  s t r u c t u r e  of the  
cel l  and the combs, and he has  some d a t a  and some photographs 
which show what happens t o  combs when they are subjec ted  t o  
c e r t a i n  g fo rces .  



A t  t h i s  po in t  I w i l l  l e t  Cha r l i e  t a l k  about 
t h c  e f f e c t s  on h i s  c e l l .  

PALANDATI: I must confess  t h i s  morning I f e l t  
t h a t  I was completely o u t  of place.  This evening I f e e l  l i k e  
I a m  completely brainwashed. So, dur ing t h e  nex t  s e v e r a l  
minutes, i f  I should mistakenly r e f e r  t o  t h e  var ious  elec- 
t rodes  as n i cke l  or cadmium, p l ea se  don ' t  be t oo  c r i t i c a l .  

The d i scuss ion  is d e f i n i t e l y  based i n  regards  
t o  s i l v e r  z inc  cells. 

A des ign  s tudy f o r  a Venus mu l t i p l e  probe mission 
was completed a t  Goddard i n  1972. The spacec ra f t  c o n s i s t s  
of  a bus veh ic le ,  a l a r g e  probe and three smal l  probes. 
Sealed s i l v e r  z inc  b a t t e r i e s  were s e l e c t e d  f o r  t h e  mission. 

May I make a st iztenent r i g h t  now, t h a t  a l l  ampere 
hour c a p a c i t i e s  t h a t  w i l l  be discussed dur ing t h i s  presenta-  
t i o n  w i l l  be based on a manufacturer 's  nominal r a t i n g s .  This 
i s  f o r  t h e  b e n e f i t  of t h e  people i n  the audience t h a t  have 
t h e  a c t u a l  Goddard design review. 

The bus veh ic l e  has a s o l a r  a r r a y  and a b a t t e r y  
charger  and t w o  5  ampere hour b a t t e r i e s .  The b a t t e r i e s  w i l l  
d e l i v e r  t h e  e l e c t r i c a l  power dur ing t h e  launch phase and peak 
power requirements for midcourse t r a j e c t o r y  opera t ions  and 
a l l  probe sepa ra t ions .  

The e l . ec t r i ca1  power f o r  the l a r g e  probe is 
obtfi.iner? f XZ.. a 21. LVFXF~ h m r  b a t t e r 1  . Each small probe 
:.FS a 5 ?m,>eie hou-- baf ie .  ::. 

Upon e n t e r i n g  tl;e henus atmos ,>here p a r a c h t e s  
w i l l  be r e l ea sed  on each probe to  reduce t h e  eu t ry  vel:d.?y. 
The probes w i l l  encounter dece l e ra t i on  fo rces  of 500  g ' s  
dur ing  t h e  deployment of  t he  drogue chutes ,  

Review of t h e  environmental parameters f o r  t h e  
probes i nd i ca t ed  t h a t  pre l iminary tests would be r equ i r ed  
i n  o rde r  t o  determine t h e  e f f e c t s  o f  t h e  high g dece l e ra t i on  
forces .  

Thir ty-f ive  ampere hour and t h i r t y  21 ampere hour 
cells were purchased f o r  t h e  prel iminary tests. 

(S l ide  8 0 . )  

Two methods were used to  immobilize t h e  p l a t e  
stack of  t h e  5 ampere hour cells. Hold-down ba r s  were used 



' as one method. They - 

a ho r i zon ta l  member. 
p u t t i n g  epoxy on t h e  

cons i s ted  o f  two v e r t i c a l  numbers and 
The o the r  method was comprised of 

top  of t h e  e l e c t r o d e s  and completely 
cover ing t h e  wir ing t h a t  go t o  the t e rmina l  posts .  

Both Tom and I f e l t  t h a t  b e t t e r  q u a l i t y  c o n t r o l  
dur ing  t h e  manufacturi-7 process could be  achieved w i t h  t h e  
hold-dow.1 bars ,  whereas s h i f t i n g  of t he  e l e c t r o d e s  and 
sepa ra to r  system dur ing dece l e ra t i on  would probably be  less 
severe  w i t h  t h e  epoxy method. 

The mobi l iza t ion  with  epoxy w a s  being s tud ied  f o r  
high g shock l e v e l s  on s e v e r a l  NASA p r o j e c t s  and, t he re fo re ,  
only f i v e  c e l l s  of each 30 c e l l  l o t  had epoxy. A l l  t h e  
o t h e r  c e l l s  u t i l i z e d  t h e  hold-down bars .  

The p r o j e c t  o f f i c e  s p e c i f i e d  t h a t  q u a l i f i c a t i o n  
design l e v e l s  f o r  pre l iminary t e s t s  would have t o  be a t  l e a s t  
one-and-a-half t i m e s  t h e  f l i g h t  l e v e l s ,  o r  750 g ' s .  

The top  diagram is t h e  a c t u a l  f l i g h t  dece l e ra t i on  
p r o f i l e .  The g loads  w i l l  t ake  p lace  during a s i x  second 
period.  

The tes t  and eva lua t ion  equipment a t  Goddard was 
n o t  capable  of s imula t ing  t h e  f l i g h t  p r o f i l e .  

The t e s t  equipment a t  t h e  Naval Ammunition Depot 
i n  Crane, Indiana was capable  of s imula t ing  t h e  t i m e  p r o f i l e  
on b a t t e r i e s  comprised o f  t h r e e  cells. 

Batteries were t e s t e d  t o  a 550 g l e v e l ,  which was -. 

t h e  maximum c a p a b i l i t y  of t h e  cen t r i fuge .  

- W e  f e l t ,  a t  Goddard, t h a t  we were 50 g ' s  over t h e  
f l i g h t  l e v e l ,  b u t  on t h e  o t h e r  hand, we were 200° below t h e  
design qua1 l e v e l  SO, t he re fo re ,  w e  decided t o  tes t  t o  Crane's  
leaxi mum c a p a b i l i t y .  

The . ? l e c t r i c a l  test  procedures f o r  the cells were 
as follows: 

The cells were p ? ~ t  through t h r e e  formation cyc les  
and then recharged. A t  ';his ti:* t h e  c e l l s  were sea l ed ,  t h e  
three-cell b a t t e r i e s  were then acce le ra ted ,  t h e  c e l l s  were 
discharged and then sub jec ted  t o  two nore  c h a r ~ e - d i s c h a r g e  
cycles .  The a n t i r e  cyc l ing  regimb w a s  performed on ind iv idua l  



c e l l s ,  n o t  b a t t e r i e s ,  a l l  discharges  were t o  one v o l t .  

During t h e  acce l e ra t i on  t e s t  t h e  b a t t e r i e s  were 
discharged a t  a C over 3 r a t e .  Bat tery  c u r r e n t  and c e l l  
vo l tages  were monitored dur ing acce l e ra t i on .  

Accelera t ion tests t o  t h e  825 g o r  one-and-a-half 
times t h e  Cram l e v e l  were performed a t  t h e  Naval Research 
f a c i l i t y  a t  Chesapeake Beach, Maryland. The equipment could 
n o t  s imula te  t h e  time p r o f i l e .  The t ime p r o f i l e  you see i n  
t h e  lower diagram was s e l e c t e d  f o r  t he  test. 

The cen t r i fuge  was manually con t ro l l ed  and, there- 
f o r e ,  t h e  rise and f a l l  t imes and, also, t h e  g l e v e l  w e  were 
t e s t i n g  t o  va r i ed  f o r  each b a t t e r y  t e s t .  The g l e v e l s  
va r i ed  from 850 t o  965 during t h e  var ious  b a t t e r y  tests. 

The b a t t e r i e s  are placed i n  a tes t  f i x t u r e  designed 
t o  prevent  : e r t i c a l  and l a t e r a l  movement of t h e  c e l l s  dur ing  
acce l e ra t i on .  Four 5 ampere hour and 2 1  ampere hour b a t t e r -  
ies comprked of c e l l s  wi th  hold-down ba r s  were acce l e ra t ed  
to  550 g's i n  one of the following axes: 

P lus  Y with t h e  g fo rces  going t o  t h e  edges o f  t h e  
cells. 

Plus  X d t h  t h e  g fo rces  going i n  the d i r e c t i o n  
of t h e  broadside of t h e  cells. 

M i n x  2 wi th  t h e  g fo rces  going to  t h e  bottom of 
t h e  cells. 

PZus 2 with t h e  g fo rces  going towards the t e rmina l  
post .  

!Pa i n s i d e  edges of two 2 1  ampere hour cell  cases 
were crazed dur ing  t h e  test o f  t h e  p l u s  Y d i r e c t i o n .  

The 5 ampere hour and 2 1  ampere hour b a t t e r i e s  
wi th  t he  enoxy p l a t e  loclc systom were erroneously  t e s t e d  i n  
the minus Z d i r e c t i o n .  

The c e l l s  were then  discharged and recharged. The 
electrical performance was normal. The cells were then  
rechecked. ~ u r i n g  t h e  recheck one of t h e  2 1  ampere hour cell  
cases ruptured.  The 5 ampere hour b a t t e r y  and two remaining 
2 1  ampere hour cells v e r e  then sub jec ted  t o  a second 550 g test  



i n  t h e  p lus  Z d i r e . c t i k .  Both 2 1  ampere hour c e l l  cases 
ruptured and n e i t h e r  c e l l  w a s  capable  of completing t h e  
cyc l ing  regime, 

These two c e l l s  were t h e  only  cells which f a i l e d  
t h e  e l e c t r i c a l  tes t  performed a t  Crane. There were a t o t a l  
of 30 c e l l s  t e s t e d  and of t h e  30 only  two f a i l e d  t h e  
e l e c t r i c a l  test and they were both 2 1  ampere hour cells 
which developed severe  rup tur ing  o f  the cell cases. 

S u b s t a n t i a l  s h i f t i n g  of t he  e i e c t r o d e  s t a c k  was 
observed on a l l  cells with  t h e  hold-down bars t e s t e d  i n  t h e  
p lus  2 d i r e c t i o n .  

One or more of  t h e  following f a c t o r s  may have 
caused t h e  2 1  ampere hour cell  case f a i l u r e s :  

(1) The 2 1  ampere hour cell  case  walls were 
th inne r  than  t h e  5 ampere hour ce l l  ca se  w a l l s ,  

(2)  The b a t t e r i e s  had n o t  been proper ly  clamped 
i n  t h e  test f i x t u r e .  V e r t i c a l  movement was poss ib l e  dur ing 
t h e  t e s t ,  

(3)  Several  2 1  ampere hour c ~ l l s  had swelled 
dur ing the tes t  regime, When the 2 1  ampere hour c e l l s  were 
i n  a f u l l y  charged s t a t e  t h e  e l e c t r o l y t e  l e v e l  w a s  a b v e  t h e  
t o p  of the p l a t e .  When t h i s  condi t ion  e x i s t s  i n t e r n a l  
p ressures  can develop dur ing cyc l ing ,  t he re fo re ,  causing t h e  
c e l l s  t o  swell, which would c r e a t e  an a d d i t i o n a l  s t r a i n  on 
the  cells. 

This  e l e c t r o l y t e  was used i n  a n ine  2 1  ampere 
hour cells acce l e ra t ed  a t  825 g g s ,  A l l  cell  th icknesses  
remained normal dur ing t h e  e n t i r e  test so,  t he re fo re ,  I do 
f e e l  t h a t  p a r t  of t h e  problem may d e f i n i t e l y  have been the 
f a c t  t h a t  t h e  c a l l s  were flooded. 

There was a fou r th  f a c t o r .  There was supposed t o  
be a Goddard r ep re sen ta t ive  from t h e  T e s t  and Evaluat ion 
Divis ion presen t  dur ing the a c c e l e r a t i o n  t e s t  a t  Crane. Due 
t o  a l a c k  of t r a v e l  funds this gentleman was n o t  t he re .  

(Laughter. 

I f e e l  t h a t  the second and t h i r d  f a c t o r s  I j u s t  
mentioned could have d e f i n i t e l y  been e l iminated.  I feel 
d e f i n i t e l y  thore  would have been no reason t o  acc iden t ly  
test t h e  c e l l s  i n  the wrong d i r e c t i o n ,  and the cells would 
have d e f i n i t e l y  been clamped, 



ltto 2 ampere hour and 2 1  ampere hour 5atteries 
comprised of cells w i t h  hold-down ba r s  were accc .:.;rted 
i n  t h e  p l u s  Y and p l u s  2 axis to the 825 l e v e l .  

A t h i r d  b a t t e r y  f o r  each ampere hour s i z e  was 
acce l e ra t ed  i n  t h e  plus  2 d i r ec t ion .  These b a t t e r i e s  con- 
s i s t e d  of two cells with  epoxy and one cell  w i t h  hold-down 
bars .  A l l  s i x  b a t t e r i e s  succes s fu l ly  completed t h e  825 g 
test. There were no c e l l  case  f a i l u r e s .  

The remaining slides p e r t a i n  t o  t h e  825 g tes t  
i n  t he  p lus  2 d i r e c t i o n .  

(S l ide  83.) 

These a r e  t h e  5 ampere hour ceils. These are 
the c e l l s  t h a t  had the hold-down bars .  A s  you can see t h e r e  
was severe  s h i f t i n g  of t h e  e l ec t rodes .  I n  f a c t ,  a c t u a l l y  
what you are looking a t  here  is the  photographs taken approx- 
imately two weeks a f t e r  t h e  acce l e ra t i on  tes t  and dur ing  t h i ~  
per iod of time t h e  c e l l  s t a c k  d i d  s h i f t  downward. This  
phenomena was a l s o  evidenced o u t  a t  Crane dur ing  t h e  500 g 
test. 

This is  t h e  cells with  t h e  epoxy p l a t e  lock  system 
and, as you can see, t h e  d i f f e r ence  here  i s  a cell  wi th  t h e  
ho ld-don  bars  and here  i s  t h e  c e l l  wi th  t h e  epoxy. There  
i s  s h i f t i n g ,  b u t  it is minimized with  t h e  epoxy. 

What you see he re  a r e  t h e  i n t e r n a l  components of 
one of t h e  5 ampere hour cells. These are a l l  t h e  nagatf-ve 
electrodes. These are t h e  z inc  e l ec t rodes .  

This i s  woven nylon and t h i s  is cellophane.  

This is n o t  t h e  e n t i r e  s e p a r a t o r  system, jus t  p a r t  
of it. 

This p a r t i c u l a r  cell he re  is one with t h e  hold-down 
bars .  As you can see, some of t h e  e l e c t r o d e s  were d m . g e d  on 
t h e  top. The z inc  p l a t e s  d i d n ' t  appear to  have any damage. 
I n  f a c t ,  if one looks a t  t h e  amount of charged s i l v e r  on the 
t op  it appears t h a t  d e f i n i t e l y  t h e  p o s i t i v e  e l e c t r o d e s  s h i f t e d  
more than t h e  z inc  e l ec t rodes .  

This, again ,  i s  the internaz components of  one of 





t h e  c e l l s  wi th  t h o  epoxy. Unfortunately,  i n  t r y i n g  t o  
s epa ra t e  t h e  epoxy from the  plates we end up dnmaqing t h e  
s epa ra to r  mater ia l  and we end up even e f f e c t i n g  t h e  p l a t e s  
i n  s eve ra l  i n s t ances ,  such a s  r i g h t  he rx .  T h i s  was no t  
done due t o  t h e  acce l e ra t i on ,  t h i s  was done i n  t h e  2rocess  
of d i s s e c t i n g  t h e  cqlls. 

We d i d n ' t  see any adverse  condi t ions  i n  regards  
t o  any of t h e  c e l l s .  

T h i s ,  again ,  is  a l l  t h e  p l a t e s  f o r  one of  t h e  21 
ampere hour c e l l s  wi th  t h e  hold-down bars .  Here a r e  a l l  t h e  
p o s i t i v e  e l ec t rodes .  Again, we have some of t he  s epa rd to r  
system i n  the photograph. T h i s  i s  woven Pol len ,  and t h i s  
again  is Pel lon here ,  and t h i s  is cellophane.  

As you can s e e ,  t h i s  p a r t i c u l a r  c e l l ,  t h e  p l a t e s  
went d i r e c t l y  up t o  t h e  very top  of t h e  c e l l  and they .qera 
severe ly  damaged. 

The z inc  p l a t e s  d i d  no t  appear, & ? , a h ,  t o  be 
damaged sever ly .  I n  f a c t ,  t h e r e  scemcd t o  be l i t t l e  o r  no 
evidence of t h e  z inc  p l a t e s  r e a l l y  coming i n  c m t a c t  wi th  t h e  
k,old-down bars .  

There was one t h i n g  w e  d i d  observe here ,  t h a t  t h e  
g r i d s  of t h e  z inc  e l ec t rodes  on the 2 1  ampere hour c e l l s  were 
weak. This was caused during the welding process of +.he 
leads  t o  t h e  g r id .  There were four  l eads  on each g r i d  and 
i n  t h e  process  of  welding the  g r i d s  were weakened. 

This has been remedied. The g r i d s  are now modi- 
f i e d  on any o t h e r  cell  designs.  

me c e l l s  t h a t  wore tested a t  Crane, there was 
some s l i g h t  evidence t h a t  they d id  poss ib ly  touch, b u t  t h a t  
is  about all. There was no queotion about it t h a t  the 825 g 
l e v e l  severe ly  -- t h e r e  was o s u b s t a n t i a l  d i f f e r ence  i n  f a c t .  
It was much more severe  on the 825 g l e v e l  than t h e  500 g 
l e v e l .  

(S l ide  87.) 

These, again ,  a r e  t h e  i n t e r n a l  components of one 
of t h e  2 1  rpore h o w  cells with t h e  epoxy p l a t e  l a c k  system. 
This p a r t -  l l a r  damage you see on t h e  t o p  of  t h e  e l e c t r o d e s  
was done i n  the process  of t r y i n g  t o  Zissect the cell  or 
remove t h e  epoxy frtm t h o  edges of t h e  p l a t e s .  





We d i d .  see. h a i r l i n e  cracks  though i n  t h i s  a r ea  
on seve ra l  e l ec t rodes .  T h i s  is t h e  only damage t h a t  we d i d  
see, i f  you want t o  refer t o  it as damage. Evidently t h e r e  
was d e f i n i t e l y  no adverse e f f e c t  on t h e  e l e c t r i c a l  test  from 
it. 

The z inc  p l a t e s  were a l l  i n t a c t .  Again, i n  t h e  
process of d i s s e c t i o n  w e  t o r e  up a s epa ra to r  system t o  a 
s l i g h t  degrce. 

(S l ide  88.) 

One-hundred-twenty-five ampere hour and 2 1  ampere 
hour c e l l s  wit!! t h e  epoxy p l a t e  lock system have been pur- 
chased t o  perform f u r t h e r  e l e c t r i c a l  s t u d i e s  f o r  the Venus 
mission. The only design modification is i n  t he  z inc  e l ec -  
t r o e s ,  and t h a t  is, t h e  g r i d s  of the z inc  e l e c t r o d e s  of t h e  
a1 ampere hour cells. 

Thank you. 

A r e  t h e r e  any questions? 

STEINHAtIER: Char l ie ,  was it considered necessary 
t o  t h e  mission t o  i ncu r  t h e  dece l e ra t i on  fo rces  toward t h e  
terminals?  

PALANDATI: This is something w e  were looking 
i n t o ,  Bob. One of  the t h ings  w a s ,  w a s  t h e r e  any one pa r t i cu -  
l a r  a x i s  t h a t  poss ib ly  w e  would have t o  avoid. The b a s i c  
idea here dur ing t h e  prel iminary designs  w a s  t o  d e f i n i t e l y  
shoot  f o r  going i n  any d i r e c t i o n  and n o t  t r y  t o  p u t  some 
sort of a r e s t r i c t i o n  on t h e  p r o j e c t  o f f i c e  and say,  "Look, 
you c a n ' t  go i n  t h a t  p a r t i c u l a r  a t t i t u d e . "  We d e f i n i t e l y  
were s t r i v i n g  t o  make s u r e  t h a t  t h e  cells would be capable 
of going i n  any a t t i t u d e .  

GASTON: I have two quest ions .  

F i r s t  ques t ion  is: what k ind  of p l a s t i c  w a s  
t h e  c e l l  case? 

PALANDATI: The cell case is a Bake l i t e  C-11.  

GASTON: On t h e  p o s i t i v e  e l e c t r o d e ,  what was t h e  
g r i d  material? I t  was an expanded material, I assume. 

PAWINDATI: Yes, it was a s i l v e r  Ex-met. 

GASTON: Do you know by any chance the number? 





PAwDATI: Y e s ,  I do know t h e  number. L e t  m e  
p u t  it t h i s  way. 

Goddard no longer  has  t h e  Venus mission.  A t  
t h e  moment t h e  kmes Research Center  ha s  t h e  mission and I 
have been asked n o t  t o  g ive  o u t  any of t h e  a c t u a l  b a t t e r y  
s p e c i f i c a t i o n s .  I n  f a c t  t h e r e  is  a gentleman h e r e  from 
Amea, John Hubenzer. John, would you l i k e  t o  p o s s i b l y  e l a b o r a t e  
on t h i s ?  

RUBENZER: Y e s .  I f  you want t h e  in format ion  j u s t  
d i r e c t  your ques t i ons  i n  w r i t i n g  t o  A m e s  Research Center  i n  
c a r e  of t h e  Venus Program. (See Page 6 of second day) 

GASTON: No, it was j u s t  c u r i o s i t y .  

GROSS: Did you t a k e  any measurements, Cha r l i e ,  
dur ing the a c c e l e r a t i o n  t e s t i n g ?  

PALANDATI : Eieasurements i n  regards  t o  what now? 

GROSS: Ba t t e ry  vo l tage .  

PALNVDATI: Oh, ye s ,  d e f i n i t e l y .  A l l  cell  volt- 
ages  were monitored. The b a t t e r y  c u r r e n t s  were monitored. 

GROSS: How d i d  you do t h a t ?  

PALANDATI: They had a h igh  speed r eco rde r  f o r  
one th ing .  O f  course  w e  had vo l t age  l e ads  coming o f f  each 
cel l .  

GROSS: The reason I ask t h a t  i s ,  because t h i s  i s  
a test t h a t  w e  found r e a l l y  impor tan t  i n  o r d e r  t o  detect small 
i n t e r m i t t e n t  s h o r t s .  

PALANDATI: Yes, t h i s  is  t r u e .  

GROSS: You d i d n ' t  f i n d  any? 

PALANDATI: We saw no vo l t age  d e v i a t i o n s  whatsoever 
throughout both tests, excep t  f o r  one of t h e  21 ampere hour 
cells t h a t  t h e  cel l  c a s e  ruptured.  I n  f a c t  on t h a t  p a r t i c u l a r  
cel l ,  n o t  only  did  t h e  ce l l  case rup tu re ,  t h e  p l a t e s  buckled. 
I t  was t h e  t o p  cell .  I n  f a c t  t h e  p l a t e  s t a c k  almost  looked 
l i k e  t h e  a c t u a l  g p r o f i l e  w e  p u t  it through,  it went com- 
p l e t e l y  up and back down again .  That  was t h e  on ly  cel l  where 
w e  saw a momentary f l u c t u a t i o n  i n  t h e  vo l t age  and, aga in ,  t h e  
vo l t age  was s t i l l  above 1.67 v o l t s .  



GROSS: W e  have run tests similar t o  t h a t  t h a t  
is s tandard  q u a l i f i c a t i o n  of s i l v e r  z inc  b a t t e r i e s  and 
found t h a t  t h e  weckest o r i e n t a t i o n  was t h e  2 a x i s .  

PALANDATI: Yes. Like I say,  t h e r e  have been 
s e v e r a l  o t h e r  s t u d i e s  at t h e  high shop l e v e l s  performed on 
s e v d a l  N X A  p r o j e c t s  and, again ,  t h i s  always shows up, it 
i s  t h e  p lus  2 ax i s .  That i s  t h e  problem. 

SULKES: Was t h e r e  any s p e c i a l  reason why those  
cells were reversed? 

PALANDATI: No, it w a s  an  acc iden t ,  t h i s  is it. 
Actual ly  l e t  m e  pu t  it t h i s  way. The b a t t e r y  people a t  Cran? 
d e f i n i t e l y  s a i d  t h e  p lus  2 was i n  t h e  d i r e c t i o n  w e  wanted it 
t o  be. 

SULKES: No, I a m  n o t  saying phys ica l ly .  I can 
see by the copper i n  t h e  s e p a r a t o r  c m  t h e  nega t ive  end t h a t  
those  cells were e l e c t r i c a l l y  reversed,  n o t  i n  t h e  accelera-  
t i on .  

PALANDATI : These cells were reversed? 

SULKES: E l e c t r i c a l l y  reversed.  

PALANDATI: No. 

SULKES: If you w i l l  n o t i c e  on your f i g u r e s ,  your 
p i c t u r e s ,  you had l a y e r s  showing t h e  s i l v e r  and then a clear 
l a y e r ,  and then t h e  l a y e r  on the negat ive  showed a darkening 
and your nega t ives  had t h i s  b lue  c a s t  which comes probably 
from a copper grid t h a t  w a s  i n  t h e  negat ive .  

PALANDATI: You are t a l k i n g  about t h e  copper oxide. 
This is a s i l v e r  g r i d ,  t h i s  was no t  a copper g r i d .  These 
are s i l v e r  Ex-met on t h e  g r id .  

SULKES: That i s  unusual co lo r ing  then on t h e  
nega t ive  s epa ra to r .  

PALANDATI: I t h ink  you a r e  r e f e r r i n g ,  more o r  
'ess, to t h e  primary s i l v e r  z inc  cells where they use  t h e  
opper shee t?  

SULKES: No, it i s  j u s t  on your p i c t u r e s  you show 
a co lo ra t ion  on t h e  negat ive  end of t h e  s e p a r a t o r  on your 
slides, which has t o  come from e i t h e r  s i l v e r  or copper a t t ack -  
i n g  that sepa ra to r .  



PALAYDATI: A r e  you t a l k i n g  about t h e  bottom 
s e p a r a t o r  now, t h a t  I showed? 

GROSS: Y e s .  

PALANDATI: That i s  the  C-19 f o r  t h e  p o s i t i v e  
p l a t e s ,  

GROSS: Y e s ,  b u t  you go next  t o  t h e  p o s i t i v e  a s  
you go from l e f t  t o  r i g h t  on t h e  nega t ive  s i d e .  Pu t  one on. 

PALANDATI: Y e s .  Dave, could you, or one of you 
gentlemen the re ,  p u t  one on? Any one would be f i n e .  

(Sl ide .  ) 

SULKES: Okay, on your f a r  r i g h t .  You are showing 
s i l v e r  from t h e  o the r  end coming through, b u t  then  you should 
see nothing on your negat ive  end. I t  shows normally t h a t  
would e i t h e r  be some s i l v e r  or copper coming from reve r sa l .  

PALADANTI: There w a s  d e f i n i t e l y  no evidence of 
r e v e r s a l  on a l l  t h e  e l e c t r i s a l  da ta .  No c e l l s  eve r  want 
down below one v o l t  dur ing the  discharge.  The ampere hour 
c a p a c i t i e s  a t  t h e  end of  6 cyc l e s  were 27 ampere hours on a l l  
cells, and t h i s  was obtained through a l l  6 cyc les .  

SULKES: Well, it doesn ' t  neces sa r i l y  have t o  
reduce t h e  capac i ty ,  b u t  it i s  rather an u ~ u s u a l  p a t t e r n  when 
you remove t h e  s e p a r a t o r  t o  see t h a t ,  un less  it has i n  f a c t  
been e l e c t r i c a l l y  reversed.  

P W D A T I :  I see what you are saying,  b u t  offhand 
I don 't have an answer f o r  it. 

HENNIGAN: A couple  of  years  ago w e  r an  these  same 
cells i n  s e v e r a l  types  of cyc l ing  wi th  cellophane 2291, and 
some o t h e r  odds and ends, and t h e r e  w a s  no copper i n  t h e  
cel l  and they were never reversed,  b u t  they cal l  came o u t  blue .  

PALANDATI: Right. 

HENNIGAN: Now, when you look a t  t h e  p l a t e  when 
they come o u t  of t h e  c e l l  t h e r e  is  a b lue  c a s t  t o  them. I 
th ink  it shows it up more here.  

P A M D A T I :  That i s  t r u e ,  t h e r e  is a b l u e  cast t o  
some of these zinc  e l ec t rodes .  



.- . - 

HALPERT: Thank you, Charlie. 

(Applause. ) 

(Whereupon, at 5:35 p.m., the workshop was 
adjourned, to reconvene on Wednesday, November 15, 1972.) 
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